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SECTION 15050N

BASIC MECHANICAL MATERIALS AND METHODS
09/01

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM B 117 (2002) Operating Salt Spray (Fog) Apparatus

1.2   RELATED REQUIREMENTS

This section applies to all sections of Division 15, "Mechanical" of this 
project specification, unless specified otherwise in the individual section.

1.3   QUALITY ASSURANCE

1.3.1   Material and Equipment Qualifications

Provide materials and equipment that are standard products of manufacturers 
regularly engaged in the manufacture of such products, which are of a 
similar material, design and workmanship.  Standard products shall have 
been in satisfactory commercial or industrial use for 2 years prior to bid 
opening.  The 2-year use shall include applications of equipment and 
materials under similar circumstances and of similar size.  The product 
shall have been for sale on the commercial market through advertisements, 
manufacturers' catalogs, or brochures during the 2 year period.

1.3.2   Alternative Qualifications

Products having less than a two-year field service record will be 
acceptable if a certified record of satisfactory field operation for not 
less than 6000 hours, exclusive of the manufacturer's factory or laboratory 
tests, can be shown.

1.3.3   Service Support

The equipment items shall be supported by service organizations.  Submit a 
certified list of qualified permanent service organizations for support of 
the equipment which includes their addresses and qualifications.  These 
service organizations shall be reasonably convenient to the equipment 
installation and able to render satisfactory service to the equipment on a 
regular and emergency basis during the warranty period of the contract.

1.3.4   Manufacturer's Nameplate
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Each item of equipment shall have a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.

1.3.5   Modification of References

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction", or words of 
similar meaning, to mean the Contracting Officer.

1.3.5.1   Definitions

For the International Code Council (ICC) Codes referenced in the contract 
documents, advisory provisions shall be considered mandatory, the word 
"should" shall be interpreted as "shall."  Reference to the "code official" 
shall be interpreted to mean the "Contracting Officer."  For Navy owned 
property, references to the "owner" shall be interpreted to mean the 
"Contracting Officer."  For leased facilities, references to the "owner" 
shall be interpreted to mean the "lessor."  References to the "permit 
holder" shall be interpreted to mean the "Contractor."

1.3.5.2   Administrative Interpretations

For ICC Codes referenced in the contract documents, the provisions of 
Chapter 1, "Administrator," do not apply.  These administrative 
requirements are covered by the applicable Federal Acquisition Regulations 
(FAR) included in this contract and by the authority granted to the Officer 
in Charge of Construction to administer the construction of this project.  
References in the ICC Codes to sections of Chapter 1, shall be applied 
appropriately by the Contracting Officer as authorized by his 
administrative cognizance and the FAR.

1.4   DELIVERY, STORAGE, AND HANDLING

Handle, store, and protect equipment and materials to prevent damage before 
and during installation in accordance with the manufacturer's 
recommendations, and as approved by the Contracting Officer.  Replace 
damaged or defective items.

1.5   ELECTRICAL REQUIREMENTS

Furnish motors, controllers, disconnects and contactors with their 
respective pieces of equipment.  Motors, controllers, disconnects and 
contactors shall conform to and have electrical connections provided under 
Section 16402 INTERIOR DISTRIBUTION SYSTEM.  Furnish internal wiring for 
components of packaged equipment as an integral part of the equipment. 
Extended voltage range motors will not be permitted.  Controllers and 
contactors shall have a maximum of 120 volt control circuits, and shall 
have auxiliary contacts for use with the controls furnished.  When motors 
and equipment furnished are larger than sizes indicated, the cost of 
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additional electrical service and related work shall be included under the 
section that specified that motor or equipment.  Power wiring and conduit 
for field installed equipment shall be provided under and conform to the 
requirements of Section 16402 INTERIOR DISTRIBUTION SYSTEM.

1.6   INSTRUCTION TO GOVERNMENT PERSONNEL

When specified in other sections, furnish the services of competent 
instructors to give full instruction to the designated Government personnel 
in the adjustment, operation, and maintenance, including pertinent safety 
requirements, of the specified equipment or system.  Instructors shall be 
thoroughly familiar with all parts of the installation and shall be trained 
in operating theory as well as practical operation and maintenance work.

Instruction shall be given during the first regular work week after the 
equipment or system has been accepted and turned over to the Government for 
regular operation.  The number of man-days (8 hours per day) of instruction 
furnished shall be as specified in the individual section.  When more than 
4 man-days of instruction are specified, use approximately half of the time 
for classroom instruction.  Use other time for instruction with the 
equipment or system.

When significant changes or modifications in the equipment or system are 
made under the terms of the contract, provide additional instruction to 
acquaint the operating personnel with the changes or modifications.

1.7   ACCESSIBILITY

Install all work so that parts requiring periodic inspection, operation, 
maintenance, and repair are readily accessible.  Install concealed valves, 
expansion joints, controls, dampers, and equipment requiring access, in 
locations freely accessible through access doors.

PART 2   PRODUCTS

Not used.

PART 3   EXECUTION

3.1   PAINTING OF NEW EQUIPMENT

New equipment painting shall be factory applied or shop applied, and shall 
be as specified herein, and provided under each individual section.

3.1.1   Factory Painting Systems

Manufacturer's standard factory painting systems may be provided subject to 
certification that the factory painting system applied will withstand 125 
hours in a salt-spray fog test, except that equipment located outdoors 
shall withstand 500 hours in a salt-spray fog test.  Salt-spray fog test 
shall be in accordance with ASTM B 117, and for that test the acceptance 
criteria shall be as follows:  immediately after completion of the test, 
the paint shall show no signs of blistering, wrinkling, or cracking, and no 
loss of adhesion; and the specimen shall show no signs of rust creepage 
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beyond 0.125 inch on either side of the scratch mark.

The film thickness of the factory painting system applied on the equipment 
shall not be less than the film thickness used on the test specimen.  If 
manufacturer's standard factory painting system is being proposed for use 
on surfaces subject to temperatures above 120 degrees F, the factory 
painting system shall be designed for the temperature service.

3.1.2   Shop Painting Systems for Metal Surfaces

Clean, pretreat, prime and paint metal surfaces; except aluminum surfaces 
need not be painted.  Apply coatings to clean dry surfaces.  Clean the 
surfaces to remove dust, dirt, rust, oil and grease by wire brushing and 
solvent degreasing prior to application of paint, except metal surfaces 
subject to temperatures in excess of 120 degrees F shall be cleaned to bare 
metal.

Where more than one coat of paint is specified, apply the second coat after 
the preceding coat is thoroughly dry.  Lightly sand damaged painting and 
retouch before applying the succeeding coat. Color of finish coat shall be 
aluminum or light gray.

a.  Temperatures Less Than 120 Degrees F: Immediately after cleaning, 
the metal surfaces subject to temperatures less than 120 degrees F 
shall receive one coat of pretreatment primer applied to a minimum 
dry film thickness of 0.3 mil, one coat of primer applied to a 
minimum dry film thickness of one mil; and two coats of enamel 
applied to a minimum dry film thickness of one mil per coat.

b.  Temperatures Between 120 and 400 Degrees F:  Metal surfaces 
subject to temperatures between 120 and 400 degrees F shall 
receive two coats of  400 degrees F heat-resisting enamel applied 
to a total minimum thickness of 2 mils.

c.  Temperatures Greater Than 400 Degrees F: Metal surfaces subject to 
temperatures greater than 400 degrees F shall receive two coats of 
600 degrees F heat-resisting paint applied to a total minimum dry 
film thickness of 2 mils.

       -- End of Section --
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SECTION 15070A

SEISMIC PROTECTION FOR MECHANICAL EQUIPMENT
01/02

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 
(SMACNA)

SMACNA Seismic Restraint Mnl (1998, 2nd Ed) Seismic Restraint Manual:  
Guidelines for Mechanical Systems

U.S. ARMY CORPS OF ENGINEERS (USACE)

TI 809-04 (1998)  Seismic Design for Buildings

1.2   SYSTEM DESCRIPTION

1.2.1   General Requirements

The requirements for seismic protection measures described in this section 
shall be applied to the mechanical equipment and systems listed below.  
Structural requirements shall be in accordance with Section 13080 SEISMIC 
PROTECTION FOR MISCELLANEOUS EQUIPMENT.

1.2.2   Mechanical Equipment

Mechanical equipment to be seismically protected shall include the 
following items to the extent required on the drawings or in other sections 
of these specifications:

Storage Tanks for Oil and Water
Water Heaters                    Water and Oil Piping
Expansion Air Separator Tanks    Valves and Fittings for Piping
Pumps with Motors
Ducts
Unit Heaters
Exhaust Fans
Heat Pumps

1.2.3   Mechanical Systems

The following mechanical systems shall be installed as required on the 
drawings and other sections of these specifications and shall be 
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seismically protected in accordance with this specification:

All Piping Inside the Building Except as Specifically Stated Below 
 Under "Items Not Covered By  This Section".
Fuel Piping Outside of Buildings
All Water Supply Systems
Storm and Sanitary Sewer Systems
Heat Distribution Systems (Supply, Return, and Condensate Return) 
Outside of Buildings
Heat Pump Water Piping Outside the Building
Fuel Storage Tanks
Water Storage Tanks

1.2.4   Items Not Covered By This Section

1.2.4.1   Fire Protection Systems

Seismic protection of piping for fire protection systems shall be installed 
as specified in Sections 13920 FIRE PUMPS and 13930A WET PIPE SPRINKLER 
SYSTEM, FIRE PROTECTION.

1.2.4.2   Items Requiring No Seismic Restraints

Seismic restraints are not required for the following items:

a.  Gas piping less than  1 inch inside diameter.

b.  Piping in boiler and mechanical equipment rooms less than   1-1/4 
inches inside diameter.

c.  All other piping less than  2-1/2 inches inside diameter.

d.  Rectangular air handling ducts less than  6 square feet in cross 
sectional area.

e.  Round air handling ducts less than  28 inches in diameter.

f.  Piping suspended by individual hangers  12 inches or less in 
length from the top of pipe to the bottom of the supporting 
structural member where the hanger is attached, except as noted 
below.

g.  Ducts suspended by hangers  12 inches or less in length from the 
top of the duct to the bottom of the supporting structural member, 
except as noted below.

In exemptions f. and g. all hangers shall meet the length requirements.  If 
the length requirement is exceeded by one hanger in the run, the entire run 
shall be braced.  Interior piping and ducts not listed above shall be 
seismically protected in accordance with the provisions of this 
specification.

1.3   EQUIPMENT REQUIREMENTS
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1.3.1   Rigidly-Mounted Equipment

The following specific items of equipment to be furnished  under this 
contract shall be constructed and assembled to resist the seismic forces 
specified in SMACNA Seismic Restraint Manual.  Each item of rigid equipment 
shall be entirely located and rigidly attached on one side only of a 
building expansion joint.

Water Source Heat Pump

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Coupling and Bracing.
Equipment Requirements.

  Detail drawings along with catalog cuts, templates, and erection 
and installation details, as appropriate, for the items listed.  
Submittals shall be complete in detail; shall indicate thickness, 
type, grade, class of metal, and dimensions; and shall show 
construction details, reinforcement, anchorage, and installation 
with relation to the building construction.

SD-03 Product Data

Coupling and Bracing; G-AE.
Equipment Requirements; G-AE.

  Copies of the design calculations with the detail drawings.  
Calculations shall be stamped by a registered engineer and shall 
verify the capability of structural members to which bracing is 
attached for carrying the load from the brace.

SD-07 Certificates

Flexible Ball Joints.

  Flexible ball joints shall be certified to be suitable for the 
service intended by the manufacturer.  Information verifying 
experience at not less than 3 locations of 2 years' satisfactory 
operation in a similar application shall be submitted.

PART 2   PRODUCTS

2.1   FLEXIBLE COUPLINGS

Flexible couplings shall have same pressure and temperature ratings as 
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adjoining pipe.

2.2   FLEXIBLE BALL JOINTS

Flexible ball joints shall have cast or wrought steel casing and ball parts 
capable of 360-degree rotation with not less than 15-degree angular 
movement.

2.3   FLEXIBLE MECHANICAL JOINTS

a.  Mechanical couplings for steel or cast iron pipe shall be of the 
sleeve type and shall provide a tight flexible joint under all 
reasonable conditions, such as pipe movement caused by expansion, 
contraction, slight settling or shifting of the ground, minor 
variations in trench gradients, and traffic vibrations.  Where 
permitted in other sections of these specifications, joints 
utilizing split-half couplings with grooved or shouldered pipe 
ends may be used.

b.  Sleeve-type couplings shall be used for joining plain-end pipe 
sections.  The coupling shall consist of one steel middle ring, 
two steel followers, two gaskets, and necessary steel bolts and 
nuts to compress the gaskets.

2.4   MANUFACTURED BALL JOINTS

Manufactured ball joints shall be as recommended by the manufacturer for 
the intended use, and shall be approved by the Contracting Officer before 
installation.

2.5   SWAY BRACING MATERIALS

Sway bracing materials (e.g. rods, plates, rope, angles, etc.) shall be as 
specified in Section 13080 SEISMIC PROTECTION FOR MISCELLANEOUS EQUIPMENT.

PART 3   EXECUTION

3.1   COUPLING AND BRACING

Coupling installation shall conform to the details shown on the drawings.  
Provisions of this paragraph apply to all piping within a  5 foot line 
around outside of building unless buried in the ground.  Piping grouped for 
support on trapeze-type hangers shall be braced at the most frequent 
interval as determined by applying the requirements of this sepcification 
to each piping run on the common support.  Bracing components shall be 
sized as required for the total load carried by the common supports.  
Bracing rigidly attached to pipe flanges, or similar, shall not be used 
where it would interfere with thermal expansion of piping.

3.2   BUILDING DRIFT

Joints capable of accommodating seismic displacements shall be provided for 
vertical piping between floors of the building, where pipes pass through a 
building seismic or expansion joint, or where rigidly supported pipes 

SECTION 15070A  Page 5



Air Traffic Control Tower, Offutt AFB, NE OF33

connect to equipment with vibration isolators.  Horizontal piping across 
expansion joints shall accommodate the resultant of the drifts of each 
building unit in each orthogonal direction.  For threaded piping, swing 
joints made of the same piping material shall be provided.  For piping with 
manufactured ball joints the seismic drift shall be 0.015 feet per foot of 
height above the base where the seismic separation occurs; this drift value 
shall be used in place of the expansion given in the manufacturer's 
selection table.

3.3   PIPE SLEEVES

Pipe sleeves in interior non-fire rated walls shall be sized as indicated 
on the drawings to provide clearances that will permit differential 
movement of piping without the piping striking the pipe sleeve.  Pipe 
sleeves in fire rated walls shall conform to the requirements in Section 
07840 FIRESTOPPING.

3.4   SPREADERS

Spreaders shall be provided between adjacent piping runs to prevent contact 
during seismic activity whenever pipe or insulated pipe surfaces are less 
than   4 inches apart.  Spreaders shall be applied at same interval as sway 
braces at an equal distance between the sway braces.  If rack type hangers 
are used where the pipes are restrained from contact by mounting to the 
rack, spreaders are not required for pipes mounted in the rack.  Spreaders 
shall be applied to surface of bare pipe and over insulation on insulated 
pipes utilizing high-density inserts and pipe protection shields in 
accordance with the requirements of Section 15080 THERMAL INSULATION FOR 
MECHANICAL SYSTEMS.

3.5   SWAY BRACES FOR PIPING

Sway braces shall be provided to prevent movement of the pipes under 
seismic loading.  Braces shall be provided in both the longitudinal and 
transverse directions, relative to the axis of the pipe.  The bracing shall 
not interfere with thermal expansion requirements for the pipes as 
described in other sections of these specifications.

3.5.1   Transverse Sway Bracing

Transverse sway bracing for steel and copper pipe shall be provided as 
specified in Section 13080 SEISMIC PROTECTION FOR MISCELLANEOUS EQUIPMENT.  
All runs (length of pipe between end joints) shall have a minimum of two 
transverse braces.  Transverse sway bracing for pipes of materials other 
than steel and copper shall be provided at intervals not to exceed the 
hanger spacing as specified in Section 15400 PLUMBING, GENERAL PURPOSE.

3.5.2   Longitudinal Sway Bracing

Longitudinal sway bracing shall be provided at  40 foot intervals unless 
otherwise indicated.  All runs (length of pipe between end joints) shall 
have one longitudinal brace minimum.  Sway braces shall be constructed in 
accordance with the drawings.  Branch lines, walls, or floors shall not be 
used as sway braces.
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3.5.3   Vertical Runs

Run is defined as length of pipe between end joints.  Vertical runs of 
piping shall be braced at not more than  10 foot vertical intervals.  
Braces for vertical runs shall be above the center of gravity of the 
segment being braced.  All sway braces shall be constructed in accordance 
with the drawings.  Sway branches shall not be connected to branch lines, 
walls, or floors.

3.5.4   Clamps and Hangers

Clamps or hangers on uninsulated pipes shall be applied directly to pipe.  
Insulated piping shall have clamps or hangers applied over insulation in 
accordance with Section 15080 THERMAL INSULATION FOR MECHANICAL SYSTEMS.

3.6   SWAY BRACES FOR DUCTS

3.6.1   Braced Ducts

Bracing details and spacing for rectangular and round ducts shall be in 
accordance with SMACNA Seismic Restraint Mnl, including Appendix E.  
However, the design seismic loadings for these items shall not be less than 
loadings obtained using the procedures in TI 809-04.

3.6.2   Unbraced Ducts

Hangers for unbraced ducts shall be attached to the duct within 2 inches of 
the top of the duct in accordance with SMACNA Seismic Restraint Mnl.  
Unbraced ducts shall be installed with a  6 inch minimum clearance to 
vertical ceiling hanger wires.

        -- End of Section --
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SECTION 15080

THERMAL INSULATION FOR MECHANICAL SYSTEMS
01/05

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.  At the discretion of the Government, the 
manufacturer of any material supplied will be required to furnish test 
reports pertaining to any of the tests necessary to assure compliance with 
the standard or standards referenced in this specification.

ASTM INTERNATIONAL (ASTM)

ASTM A 167 (2004) Stainless and Heat-Resisting 
Chromium-Nickel Steel Plate, Sheet, and 
Strip

ASTM A 240/A 240M (2004ae1) Chromium and Chromium-Nickel 
Stainless Steel Plate, Sheet, and Strip 
for Pressure Vessels for General 
Applications

ASTM A 580/A 580M (1998; R 2004) Stainless Steel Wire

ASTM B 209 (2004) Aluminum and Aluminum-Alloy Sheet 
and Plate

ASTM C 1126 (2004) Faced or Unfaced Rigid Cellular 
Phenolic Thermal Insulation

ASTM C 1136 (2003a) Flexible, Low Permeance Vapor 
Retarders for Thermal Insulation

ASTM C 1290 (2004) Flexible Fibrous Glass Blanket 
Insulation Used to Externally Insulate 
HVAC Ducts

ASTM C 195 (2000) Mineral Fiber Thermal Insulating 
Cement

ASTM C 449/C 449M (2000) Mineral Fiber Hydraulic-Setting 
Thermal Insulating and Finishing Cement

ASTM C 533 (2004) Calcium Silicate Block and Pipe 
Thermal Insulation
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ASTM C 534 (2003) Preformed Flexible Elastomeric 
Cellular Thermal Insulation in Sheet and 
Tubular Form

ASTM C 547 (2003) Mineral Fiber Pipe Insulation

ASTM C 552 (2003) Cellular Glass Thermal Insulation

ASTM C 553 (2002) Mineral Fiber Blanket Thermal 
Insulation for Commercial and Industrial 
Applications

ASTM C 591 (2001) Unfaced Preformed Rigid Cellular 
Polyisocyanurate Thermal Insulation

ASTM C 610 (1999) Molded Expanded Perlite Block and 
Pipe Thermal Insulation

ASTM C 612 (2004) Mineral Fiber Block and Board 
Thermal Insulation

ASTM C 647 (1995; R 2000) Properties and Tests of 
Mastics and Coating Finishes for Thermal 
Insulation

ASTM C 665 (2001e1) Mineral-Fiber Blanket Thermal 
Insulation for Light Frame Construction 
and Manufactured Housing

ASTM C 795 (2003) Thermal Insulation for Use in 
Contact with Austenitic Stainless Steel

ASTM C 916 (1985; R 2001e1) Adhesives for Duct 
Thermal Insulation

ASTM C 920 (2002) Elastomeric Joint Sealants

ASTM C 921 (2003a) Jackets for Thermal Insulation

ASTM D 882 (2002) Tensile Properties of Thin Plastic 
Sheeting

ASTM E 2231 (2002) Specimen Preparation and Mounting 
of Pipe and Duct Insulation Materials to 
Assess Surface Burning Characteristics

ASTM E 84 (2004) Surface Burning Characteristics of 
Building Materials

ASTM E 96 (2000e1) Water Vapor Transmission of 
Materials

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)
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MSS SP-69 (2002) Pipe Hangers and Supports - 
Selection and Application

MIDWEST INSULATION CONTRACTORS ASSOCIATION (MICA)

MICA Insulation Stds (1999) National Commercial & Industrial 
Insulation Standards

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 255 (2000) Method of Test of Surface Burning 
Characteristics of Building Materials

U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-A-3316 (Rev C; Am 2) Adhesives, Fire-Resistant, 
Thermal Insulation

UNDERWRITERS LABORATORIES (UL)

UL 723 (2003) Test for Surface Burning 
Characteristics of Building Materials

1.2   SYSTEM DESCRIPTION

Field-applied insulation and accessories on mechanical systems shall be as 
specified herein; factory-applied insulation is specified under the piping, 
duct or equipment to be insulated.  Field applied insulation materials 
required for use on Government-furnished items as listed in the SPECIAL 
CONTRACT REQUIREMENTS shall be furnished and installed by the Contractor.

1.3   GENERAL QUALITY CONTROL

1.3.1   Standard Products

Provide field-applied insulation for heating, ventilating, and cooling 
(HVAC) air distribution systems and piping systems which are located 
within, on, under, and adjacent to buildings; and for plumbing systems.  
Materials shall be the standard products of manufacturers regularly engaged 
in the manufacture of such products and shall essentially duplicate items 
that have been in satisfactory use for at least 2 years prior to bid 
opening.

1.3.2   Installer's Qualifications

Qualified installers shall have successfully completed three or more 
similar type jobs within the last 5 years.

1.3.3   Surface Burning Characteristics

Unless otherwise specified, insulation shall have a maximum flame spread 
index of 25 and a maximum smoke developed index of 50 when tested in 
accordance with ASTM E 84.  Flame spread, and smoke developed indexes, 
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shall be determined by ASTM E 84, NFPA 255 or UL 723.  Insulation shall be 
tested in the same density and installed thickness as the material to be 
used in the actual construction.  Test specimens shall be prepared and 
mounted according to ASTM E 2231.  Insulation materials located exterior to 
the building perimeter are not required to be fire rated.

1.3.4   Identification of Materials

Packages or standard containers of insulation, jacket material, cements, 
adhesives, and coatings delivered for use, and samples required for 
approval shall have manufacturer's stamp or label attached giving the name 
of the manufacturer and brand, and a description of the material.  
Insulation packages and containers shall be asbestos free.

1.4   STORAGE

Materials shall be delivered in the manufacturer's unopened containers.  
Materials delivered and placed in storage shall be provided with protection 
from weather, humidity, dirt, dust and other contaminants.  The Contracting 
Officer may reject insulation material and supplies that become dirty, 
dusty, wet, or contaminated by some other means.

1.5   RECYCLED MATERIALS

Provide thermal insulation containing recycled materials to the extent 
practicable, provided that the materials meets all other requirements of 
this section.  The minimum recycled material content of the following 
insulation are:

Rock Wool - 75 percent slag of weight
Fiberglass - 20-25 percent glass cullet by weight
Rigid Foam - 9 percent recovered material

PART 2   PRODUCTS

2.1   GENERAL MATERIALS

Insulation material shall conform to Table 1.  Insulation thickness shall 
be as listed in Table 2.  Insulation exterior shall be cleanable, grease 
resistant, non-flaking and non-peeling.  Materials shall be compatible and 
shall not contribute to corrosion, soften, or otherwise attack surfaces to 
which applied in either wet or dry state.  Materials to be used on 
stainless steel surfaces shall meet ASTM C 795 requirements.  Materials 
shall be asbestos free and conform to the following:

2.1.1   Adhesives

2.1.1.1   Acoustical Lining Insulation Adhesive

Adhesive shall be a nonflammable, fire-resistant adhesive conforming to 
ASTM C 916, Type I.

2.1.1.2   Mineral Fiber Insulation Cement
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Cement shall be in accordance with ASTM C 195.

2.1.1.3   Lagging Adhesive

Lagging is the material used for thermal insulation, especially around a 
cylindrical object.  This may include the insulation as well as the 
cloth/material covering the insulation.  Lagging adhesives shall be 
nonflammable and fire-resistant and shall have a maximum flame spread index 
of 25 and a maximum smoke developed index of 50 when tested in accordance 
with ASTM E 84.  Adhesive shall be MIL-A-3316, Class 1, pigmented white and 
be suitable for bonding fibrous glass cloth to faced and unfaced fibrous 
glass insulation board; for bonding cotton brattice cloth to faced and 
unfaced fibrous glass insulation board; for sealing edges of and bonding 
fibrous glass tape to joints of fibrous glass board; for bonding lagging 
cloth to thermal insulation; or Class 2 for attaching fibrous glass 
insulation to metal surfaces.  Lagging adhesives shall be applied in strict 
accordance with the manufacturer's recommendations for pipe and duct 
insulation.

2.1.2   Contact Adhesive

Adhesives may be any of, but not limited to, the neoprane based, rubber 
based, or elastomeric type that have a maximum flame spread index of 25 and 
a maximum smoke developed index of 50 when tested in accordance with ASTM E 
84.  The adhesive shall not adversely affect, initially or in service, the 
insulation to which it is applied, nor shall it cause any corrosive effect 
on metal to which it is applied.  Any solvent dispersing medium or volatile 
component of the adhesive shall have no objectionable odor and shall not 
contain any benzene or carbon tetrachloride.  The dried adhesive shall not 
emit nauseous, irritating, or toxic volatile matters or aerosols when the 
adhesive is heated to any temperature up to 212 degrees F.  The dried 
adhesive shall be nonflammable and fire resistant.  Natural 
cross-ventilation, local (mechanical) pickup, and/or general area 
(mechanical) ventilation shall be used to prevent an accumulation of 
solvent vapors, keeping in mind the ventilation pattern must remove any 
heavier-than-air solvent vapors from lower levels of the workspaces.  
Gloves and spectacle-type safety glasses are recommended in accordance with 
safe installation practices.

2.1.3   Caulking

ASTM C 920, Type S, Grade NS, Class 25, Use A.

2.1.4   Corner Angles

Nominal 0.016 inch aluminum 1 x 1 inch with factory applied kraft backing.  
Aluminum shall be ASTM B 209, Alloy 3003, 3105, or 5005.

2.1.5   Finishing Cement

ASTM C 449/C 449M: Mineral fiber hydraulic-setting thermal insulating and 
finishing cement.  All cements that may come in contact with Austenitic 
stainless steel must comply with ASTM C 795.
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2.1.6   Fibrous Glass Cloth and Glass Tape

Fibrous glass cloth, with 20X20 maximum mesh size, and glass tape shall 
have maximum flame spread index of 25 and a maximum smoke developed index 
of 50 when tested in accordance with ASTM E 84.  Tape shall be 4 inch wide 
rolls.  Class 3 tape shall be 4.5 ounces/square yard.

2.1.7   Staples

Outward clinching type monel or ASTM A 167, Type 304 or 316 stainless steel.

2.1.8   Jackets

2.1.8.1   Aluminum Jackets

Aluminum jackets shall be corrugated, embossed or smooth sheet, 0.016 inch 
nominal thickness; ASTM B 209, Temper H14, Temper H16, Alloy 3003, 5005, or 
3105 with factory applied moisture retarder.  Corrugated aluminum jacket 
shall not be used outdoors.  Aluminum jacket securing bands shall be Type 
304 stainless steel, 0.015 inch thick, 1/2 inch wide for pipe under 12 inch 
diameter and 3/4 inch wide for pipe over 12 inch and larger diameter.  
Aluminum jacket circumferential seam bands shall be 2 x 0.016 inch aluminum 
matching jacket material.  Bands for insulation below ground shall be 3/4 x 
0.020 inch thick stainless steel, or fiberglass reinforced tape.  The 
jacket may, at the option of the Contractor, be provided with a factory 
fabricated Pittsburg or "Z" type longitudinal joint.  When the "Z" joint is 
used, the bands at the circumferential joints shall be designed by the 
manufacturer to seal the joints and hold the jacket in place.

2.1.8.2   Polyvinyl Chloride (PVC) Jackets

Polyvinyl chloride (PVC) jacket and fitting covers shall have high impact 
strength, UV resistant rating or treatment and moderate chemical resistance 
with minimum thickness 0.030 inch.

2.1.9   Vapor Retarder Required

ASTM C 921, Type I, minimum puncture resistance 50 Beach units on all 
surfaces except concealed ductwork, where a minimum puncture resistance of 
25 Beach units is acceptable.  Minimum tensile strength, 35 pounds/inch 
width.  ASTM C 921, Type II, minimum puncture resistance 25 Beach units, 
tensile strength minimum 20 pounds/inch width.  Jackets used on insulation 
exposed in finished areas shall have white finish suitable for painting 
without sizing.  Based on the application, insulation materials that 
require factory applied jackets are mineral fiber, cellular glass, 
polyisocyanurate, and phenolic foam.  Insulation materials that do not 
require jacketing are flexible elastomerics.  All non-metallic jackets 
shall have a maximum flame spread index of 25 and a maximum smoke developed 
index of 50 when tested in accordance with ASTM E 84.

2.1.9.1   White Vapor Retarder All Service Jacket (ASJ)

Standard reinforced fire retardant jacket for use on hot/cold pipes, ducts, 
or equipment.  Vapor retarder jackets used on insulation exposed in 
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finished areas shall have white finish suitable for painting without sizing.

2.1.9.2   Vapor Retarder Mastic Coatings

The vapor retarder coating shall be fire and water resistant and 
appropriately selected for either outdoor or indoor service.  Color shall 
be white.  The water vapor permeance of the compound shall be determined 
according to procedure B of ASTM E 96 utilizing apparatus described in ASTM 
E 96.  The coating shall be a nonflammable, fire resistant type.  All other 
application and service properties shall be in accordance with ASTM C 647.

2.1.9.3   Laminated Film Vapor Retarder

ASTM C 1136, Type I, maximum moisture vapor transmission 0.02 perms, 
minimum puncture resistance 50 Beach units on all surfaces except concealed 
ductwork, where Type II, maximum moisture vapor transmission 0.02 perms, a 
minimum puncture resistance of 25 Beach units is acceptable.  Vapor 
retarder shall have a maximum flame spread index of 25 and a maximum smoke 
developed index of 50 when tested in accordance with ASTM E 84.

2.1.9.4   Polyvinylidene Chloride (PVDC) Film Vapor Retarder

The PVDC film vapor retarder shall have a maximum moisture vapor 
transmission of 0.02 perms, minimum puncture resistance of 150 Beach units, 
a minimum tensile strength in any direction of 30 lb/inch when tested per 
ASTM D 882, and a maximum flame spread index of 25 and a maximum smoke 
developed index of 50 when tested in accordance with ASTM E 84.

2.1.9.5   Polyvinylidene Chloride Vapor Retarder Adhesive Tape

Requirements must meet the same as specified for Laminated Film Vapor 
Retarder above.

2.1.10   Vapor Retarder Not Required

ASTM C 921, Type II, Class D, minimum puncture resistance 50 Beach units on 
all surfaces except ductwork, where Type IV, maximum moisture vapor 
transmission 0.10, a minimum puncture resistance of 25 Beach units is 
acceptable.  Jacket shall have a maximum flame spread index of 25 and a 
maximum smoke developed index of 50 when tested in accordance with ASTM E 84.

2.1.11   Wire

Soft annealed ASTM A 580/A 580M Type 302, 304 or 316 stainless steel, 16 or 
18 gauge.

2.1.12   Insulation Bands

Insulation bands shall be 1/2 inch wide; 26 gauge stainless steel.

2.1.13   Sealants

Sealants shall be chosen from the butyl polymer type, the styrene-butadiene 
rubber type, or the butyl type of sealants.  Sealants shall have a maximum 
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moisture vapor transmission of 0.02 perms, and a maximum flame spread index 
of 25 and a maximum smoke developed index of 50 when tested in accordance 
with ASTM E 84.

2.2   PIPE INSULATION MATERIALS

The Contractor shall comply with EPA requirements in accordance with 
Section 01670 RECYCLED / RECOVERED MATERIALS.  Pipe insulation materials 
shall be limited to those listed herein and shall meet the following 
requirements:

2.2.1   Aboveground Cold Pipeline (-30 to 60 degrees F)

Insulation for outdoor, indoor, exposed or concealed applications, shall be 
as follows:

a.  Cellular Glass:  ASTM C 552, Type II, and Type III.  Supply the 
insulation with manufacturer's recommended factory-applied jacket.

b.  Flexible Elastomeric Cellular Insulation:  ASTM C 534, Grade 1, 
Type I or II.  Type II shall have vapor retarder skin on one or 
both sides of the insulation.

c.  Phenolic Insulation:  ASTM C 1126, Type III.  Phenolic insulations 
shall comply with ASTM C 795 and with the ASTM C 665 paragraph 
Corrosiveness.  Supply the insulation with manufacturer's 
recommended factory-applied jacket.

d.  Polyisocyanurate Insulation:  ASTM C 591, type I.  Supply the 
insulation with manufacturer's recommended factory-applied vapor 
retarder.

2.2.2   Aboveground Hot Pipeline (Above 60 degrees F)

Insulation for outdoor, indoor, exposed or concealed applications shall 
meet the following requirements.  Supply the insulation with manufacturer's 
recommended factory-applied jacket.

a.  Mineral Fiber:  ASTM C 547, Types I, II or III, supply the 
insulation with manufacturer's recommended factory-applied jacket.

b.  Calcium Silicate:  ASTM C 533, Type I indoor only, or outdoors 
above 250 degrees F pipe temperature.  Supply insulation with the 
manufacturer's recommended factory-applied jacket.

c.  Cellular Glass:  ASTM C 552, Type II and Type III.  Supply the 
insulation with manufacturer's recommended factory-applied jacket.

d.  Flexible Elastomeric Cellular Insulation:  ASTM C 534, Grade 1, 
Type I or II to 200 degrees F service.

e.  Phenolic Insulation:  ASTM C 1126 Type III to 250 F service shall 
comply with ASTM C 795.  Supply the insulation with manufacturer's 
recommended factory-applied jacket.
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f.  Perlite Insulation:  ASTM C 610

g.  Polyisocyanurate Insulation:  ASTM C 591, Type 1, to 300 degrees F 
service.  Supply the insulation with manufacturer's recommended 
factory applied jacket.

2.3   DUCT SYSTEMS INSULATION

2.3.1   Duct Insulation

Provide factory-applied cellular glass polyisocyanurate or phenolic foam 
insulation with insulation manufacturer's standard reinforced 
fire-retardant vapor barrier. 

2.3.1.1   Rigid Insulation

Rigid mineral fiber in accordance with ASTM C 612, Class 2 (maximum surface 
temperature 400 degrees F),3 pcf average, one inch thick, Type IA, IB, II, 
III, and IV.  

2.3.1.2   Blanket Insulation

Blanket flexible mineral fiber insulation conforming to ASTM C 553, Type 1, 
Class B-3, 3/4 pcf nominal, 2.0 inches thick or Type II up to 250 degrees F. 
 Also ASTM C 1290 Type III may be used.  

2.3.2   Acoustical Duct Lining

For ductwork indicated or specified in Section 15895 AIR SUPPLY, 
DISTRIBUTION, VENTILATION, AND EXHAUST SYSTEM to be acoustically lined, 
provide external insulation in accordance with this specification section 
and in addition to the acoustical duct lining.

2.3.3   Duct Insulation Jackets

2.3.3.1   All-Purpose Jacket

Provide insulation with insulation manufacturer's standard reinforced 
fire-retardant jacket with or without integral vapor barrier as required by 
the service.  In exposed locations, provide jacket with a white surface 
suitable for field painting.

2.3.3.2   Metal Jackets

a.  Aluminum Jackets: ASTM B 209, Temper H14, minimum thickness of 27 
gauge (0.016 inch), with factory-applied polyethylene and kraft 
paper moisture barrier on inside surface.  Provide smooth surface 
jackets for jacket outside dimension 8 inches and larger.  Provide 
corrugated surface jackets for jacket outside dimension 8 inches 
and larger.  Provide stainless steel bands, minimum width of 0.5 
inch.

b.  Stainless Steel Jackets:  ASTM A 167 or ASTM A 240/A 240M; Type 
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304, minimum thickness of 33 gauge (0.010 inch), smooth surface 
with factory-applied polyethylene and kraft paper moisture barrier 
on inside surface.  Provide stainless steel bands, minimum width 
of 0.5 inch.

2.4   EQUIPMENT INSULATION MATERIALS

Insulate equipment and accessories as specified in Tables 4 and 5.  In 
outside locations, provide insulation 1/2 inch thicker than specified.  
Increase the specified insulation thickness for equipment where necessary 
to equal the thickness of angles or other structural members to make a 
smooth, exterior surface.

PART 3   EXECUTION

3.1   APPLICATION - GENERAL

Insulation shall only be applied to unheated and uncooled piping and 
equipment.  Flexible elastomeric cellular insulation shall not be 
compressed at joists, studs, columns, ducts, hangers, etc.  The insulation 
shall not pull apart after a one hour period; any insulation found to pull 
apart after one hour, shall be replaced.

3.1.1   Installation

Except as otherwise specified, material shall be installed in accordance 
with the manufacturer's written instructions.  Insulation materials shall 
not be applied until tests specified in other sections of this 
specification are completed.  Material such as rust, scale, dirt and 
moisture shall be removed from surfaces to receive insulation.  Insulation 
shall be kept clean and dry.  Insulation shall not be removed from its 
shipping containers until the day it is ready to use and shall be returned 
to like containers or equally protected from dirt and moisture at the end 
of each workday.  Insulation that becomes dirty shall be thoroughly cleaned 
prior to use.  If insulation becomes wet or if cleaning does not restore 
the surfaces to like new condition, the insulation will be rejected, and 
shall be immediately removed from the jobsite.  Joints shall be staggered 
on multi layer insulation.  Mineral fiber thermal insulating cement shall 
be mixed with demineralized water when used on stainless steel surfaces.  
Insulation, jacketing and accessories shall be installed in accordance with 
MICA Insulation Stds plates except where modified herein or on the drawings.

3.1.2   Firestopping

Where pipes and ducts pass through fire walls, fire partitions, above grade 
floors, and fire rated chase walls, the penetration shall be sealed with 
fire stopping materials as specified in Section 07840 FIRESTOPPING.

3.1.3   Painting and Finishing

Painting shall be as specified in Section 09900 PAINTS AND COATINGS.

3.1.4   Installation of Flexible Elastomeric Cellular Insulation
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Flexible elastomeric cellular insulation shall be installed with seams and 
joints sealed with rubberized contact adhesive.  Insulation with 
pre-applied adhesive is not permitted.  Flexible elastomeric cellular 
insulation shall not be used on surfaces greater than 200 degrees F.  Seams 
shall be staggered when applying multiple layers of insulation.  Insulation 
exposed to weather and not shown to have jacketing shall be protected with 
two coats of UV resistant finish or PVC or metal jacketing as recommended 
by the manufacturer after the adhesive is dry and cured.  A brush coating 
of adhesive shall be applied to both butt ends to be joined and to both 
slit surfaces to be sealed.  The adhesive shall be allowed to set until dry 
to touch but tacky under slight pressure before joining the surfaces.  
Insulation seals at seams and joints shall not be capable of being pulled 
apart one hour after application.  Insulation that can be pulled apart one 
hour after installation shall be replaced.

3.1.5   Welding

No welding shall be done on piping, duct or equipment without written 
approval of the Contracting Officer.  The capacitor discharge welding 
process may be used for securing metal fasteners to duct.

3.1.6   Pipes/Ducts/Equipment which  Require Insulation

Insulation is required on all pipes, ducts, or equipment, except for 
omitted items, as specified.

3.2   PIPE INSULATION INSTALLATION

3.2.1   Pipe Insulation

3.2.1.1   General

Pipe insulation shall be installed on aboveground hot and cold pipeline 
systems as specified below to form a continuous thermal retarder, including 
straight runs, fittings and appurtenances unless specified otherwise.  
Installation shall be with full length units of insulation and using a 
single cut piece to complete a run.  Cut pieces or scraps abutting each 
other shall not be used.  Pipe insulation shall be omitted on the following:

a.  Pipe used solely for fire protection.

b.  Chromium plated pipe to plumbing fixtures.  However, fixtures for 
use by the physically handicapped shall have the hot water supply 
and drain, including the trap, insulated where exposed.

c.  Sanitary drain lines.

d.  Air chambers.

e.  Adjacent insulation.

f.  ASME stamps.

g.  Access plates of fan housings.
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h.  Cleanouts or handholes.

i.  Components within factory preinsulated HVAC equipment.

j.  Factory preinsulated flexible ductwork.

k.  Factory preinsulated HVAC equipment.

l.  Manufacturer's nameplates.

m.  Vibration isolating connections.

3.2.1.2   Pipes Passing Through Walls, Roofs, and Floors

a.  Pipe insulation shall be continuous through the sleeve.

b.  An aluminum jacket with factory applied moisture retarder shall be 
provided over the insulation wherever penetrations require sealing.

c.  Where pipes penetrate interior walls, the aluminum jacket shall 
extend 2 inches beyond either side of the wall and shall be 
secured on each end with a band.

d.  Where penetrating floors, the aluminum jacket shall extend from a 
point below the backup material to a point 10 inches above the 
floor with one band at the floor and one not more than 1 inch from 
the end of the aluminum jacket.

e.  Where penetrating waterproofed floors, the aluminum jacket shall 
extend from below the backup material to a point 2 inchesabove the 
flashing with a band 1 inch from the end of the aluminum jacket.

f.  Where penetrating exterior walls, the aluminum jacket required for 
pipe exposed to weather shall continue through the sleeve to a 
point 2 inches beyond the interior surface of the wall.

g.  Where penetrating roofs, pipe shall be insulated as required for 
interior service to a point flush with the top of the flashing and 
sealed with vapor retarder coating.  The insulation for exterior 
application shall butt tightly to the top of flashing and interior 
insulation.  The exterior aluminum jacket shall extend 2 inches 
down beyond the end of the insulation to form a counter flashing.  
The flashing and counter flashing shall be sealed underneath with 
caulking.

h.  For hot water pipes supplying lavatories or other similar heated 
service that requires insulation, the insulation shall be 
terminated on the backside of the finished wall.  The insulation 
termination shall be protected with two coats of vapor barrier 
coating with a minimum total thickness of 1/16 inch applied with 
glass tape embedded between coats (if applicable).  The coating 
shall extend out onto the insulation 2 inches and shall seal the 
end of the insulation.  Glass tape seams shall overlap 1 inch.  
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The annular space between the pipe and wall penetration shall be 
caulked with approved fire stop material.  The pipe and wall 
penetration shall be covered with a properly sized (well fitting) 
escutcheon plate.  The escutcheon plate shall overlap the wall 
penetration at least 3/8 inches.

i.  For domestic cold water pipes supplying lavatories or other 
similar cooling service that requires insulation, the insulation 
shall be terminated on the finished side of the wall (i.e., 
insulation must cover the pipe throughout the wall penetration).  
The insulation shall be protected with two coats of vapor barrier 
coating with a minimum total thickness of 1/16 inch.  The coating 
shall extend out onto the insulation 2 inches and shall seal the 
end of the insulation.  The annular space between the outer 
surface of the pipe insulation and the wall penetration shall be 
caulked with an approved fire stop material having vapor retarder 
properties.  The pipe and wall penetration shall be covered with a 
properly sized (well fitting) escutcheon plate.  The escutcheon 
plate shall overlap the wall penetration by at least 3/8 inches.

3.2.1.3   Pipes Passing Through Hangers

a.  Insulation, whether hot or cold application, shall be continuous 
through hangers.  All horizontal pipes 2 inches and smaller shall 
be supported on hangers with the addition of a Type 40 protection 
shield to protect the insulation in accordance with MSS SP-69.  
Whenever insulation shows signs of being compressed, or when the 
insulation or jacket shows visible signs of distortion at or near 
the support shield, insulation inserts as specified below for 
piping larger than 2 inches shall be installed.

b.  Horizontal pipes larger than 2 inches at 60 degrees F and above 
shall be supported on hangers in accordance with MSS SP-69, and 
Section 15400 PLUMBING, GENERAL PURPOSE.

c.  Horizontal pipes larger than 2 inches and below 60 degrees F shall 
be supported on hangers with the addition of a Type 40 protection 
shield in accordance with MSS SP-69.  An insulation insert of 
cellular glass, calcium silicate (or perlite above 80 F), or the 
necessary strength polyisocyanurate shall be installed above each 
shield.  The insert shall cover not less than the bottom 
180-degree arc of the pipe.  Inserts shall be the same thickness 
as the insulation, and shall extend 2 inches on each end beyond 
the protection shield.  When insulation inserts are required per 
the above, and the insulation thickness is less than 1 inch, 
wooden or cork dowels or blocks may be installed between the pipe 
and the shield to prevent the weight of the pipe from crushing the 
insulation, as an option to installing insulation inserts.  The 
insulation jacket shall be continuous over the wooden dowel, 
wooden block, or insulation insert.

d.  Vertical pipes shall be supported with either Type 8 or Type 42 
riser clamps with the addition of two Type 40 protection shields 
in accordance with MSS SP-69 covering the 360-degree arc of the 
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insulation.  An insulation insert of cellular glass or calcium 
silicate shall be installed between each shield and the pipe.  The 
insert shall cover the 360-degree arc of the pipe.  Inserts shall 
be the same thickness as the insulation, and shall extend 2 inches 
on each end beyond the protection shield.  When insulation inserts 
are required per the above, and the insulation thickness is less 
than 1 inch, wooden or cork dowels or blocks may be installed 
between the pipe and the shield to prevent the hanger from 
crushing the insulation, as an option instead of installing 
insulation inserts.  The insulation jacket shall be continuous 
over the wooden dowel, wooden block, or insulation insert.  The 
vertical weight of the pipe shall be supported with hangers 
located in a horizontal section of the pipe.  When the pipe riser 
is longer than 30 feet, the weight of the pipe shall be 
additionally supported with hangers in the vertical run of the 
pipe that are directly clamped to the pipe, penetrating the pipe 
insulation.  These hangers shall be insulated and the insulation 
jacket sealed as indicated herein for anchors in a similar service.

e.  Inserts shall be covered with a jacket material of the same 
appearance and quality as the adjoining pipe insulation jacket, 
shall overlap the adjoining pipe jacket 1-1/2 inches, and shall be 
sealed as required for the pipe jacket.  The jacket material used 
to cover inserts in flexible elastomeric cellular insulation shall 
conform to ASTM C 1136, Type 1, and is allowed to be of a 
different material than the adjoining insulation material.

3.2.1.4   Flexible Elastomeric Cellular Pipe Insulation

Flexible elastomeric cellular pipe insulation shall be tubular form for 
pipe sizes 6 inches and less.  Grade 1, Type II sheet insulation used on 
pipes larger than 6 inches shall not be stretched around the pipe.  On 
pipes larger than 12 inches, the insulation shall be adhered directly to 
the pipe on the lower 1/3 of the pipe.  Seams shall be staggered when 
applying multiple layers of insulation.  Sweat fittings shall be insulated 
with miter-cut pieces the same size as on adjacent piping.  Screwed 
fittings shall be insulated with sleeved fitting covers fabricated from 
miter-cut pieces and shall be overlapped and sealed to the adjacent pipe 
insulation.

3.2.1.5   Pipes in high abuse areas.

In high abuse areas such as janitor closets and traffic areas in equipment 
rooms, kitchens, and mechanical rooms, aluminum jackets shall be utilized.  
Pipe insulation to the 6 foot level shall be protected.  

3.2.1.6   Pipe Insulation Material and Thickness
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TABLE 1
Insulation Material For Piping (°F)

  __________________________________________________________________________
  Service           Material           Spec.    Type  Class  Vapor
                                                             Retarder
                                                             Required
  ___________________________________________________________________________

 Cold Domestic   Polyisocianurate   ASTM C 591   I          Yes
 Water Piping,   Cellular Glass     ASTM C 552   II   2      No
 Makeup Water &  Flex Elast Cell'r  ASTM C 534   I           No
 Drinking Fount  Faced Phenol Foam  ASTM C 1126  III        Yes
 Drain Piping  
___________________________________________________________________________
 Hot Domestic    Mineral Fiber      ASTM C 547   I    1      No
 Water Supply &  Cellular Glass     ASTM C 552   II   2      No
 Recirculating   Flex Elast Cell'r  ASTM C 534   I           No
 Piping (Max.    Faced Phenol Foam  ASTM C 1126  III        Yes
 200°F)          Polyisocianurate   ASTM C 591   I           No  
___________________________________________________________________________

 Exposed Lav'ry  Flex Elast Cell'r  ASTM C 534   I           No
 Drains, Exposed
 Domestic Water
 Piping & Drains
 to Areas for
 Handicap Personnel
  ___________________________________________________________________________
 Horizontal Roof Polyisocianurate   ASTM C 591   I          Yes
 Drain Leaders   Flex Elast Cell'r  ASTM C 534   I           No
 (Including      Faced Phenol Foam  ASTM C 1126  III        Yes
 Underside of    Cellular Glass     ASTM C 552   III        Yes
 Roof Drain
 Fittings)
  ___________________________________________________________________________
 A/C condensate  Polyisocianurate   ASTM C 591   I          Yes
 Drain Located   Cellular Glass     ASTM C 552   II   2      No
 Inside Bldg.    Flex Elast Cell'r  ASTM C 534   I           No
                 Faced Phenol Foam  ASTM C 1126  II         Yes
  ___________________________________________________________________________

TABLE 2
Piping Insulation Thickness (inch and °F)

_______________________________________________________________________________
                                                Tube And Pipe Size (Inches)

  Service            Material          <1   1- <1.5   1.5- <4   4- <8  >or =
                                                                       to 8
_______________________________________________________________________________

    Cold Domestic      Cellular Glass     1.5     1.5         1.5    1.5    
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TABLE 2
Piping Insulation Thickness (inch and °F)

_______________________________________________________________________________
                                                Tube And Pipe Size (Inches)

  Service            Material          <1   1- <1.5   1.5- <4   4- <8  >or =
                                                                       to 8
_______________________________________________________________________________
1.5
  Water Piping,      Flex Elas Cell'r   1       1           1      N/A    N/A
  Makeup Water, &    Faced Phenolic     1       1           1      1      1
  Drinking Fountain  Foam
  Drain Piping
  ___________________________________________________________________________
  Hot Domestic       Mineral Fiber      1       1           1      1.5    1.5
  Water Supply and   Cellular Glass     1.5     1.5         1.5    2      2
  Recirculating      Flex Elas Cell'r   1       1           1      N/A    N/A
  Piping (Max 200°F)
_____________________________________________________________________________
  Exposed Lavatory   Flex Elas Cell'r   0.5     0.5         0.5    0.5    0.5
  Drains, Exposed
  Domestic Water
  Piping & Drains
  to Areas for
  Handicap Personnel
  ___________________________________________________________________________
  Horizontal Roof    Cellular Glass     1.5     1.5         1.5    1.5    1.5
  Drain Leaders      Flex Elas Cell'r   1       1           1      1      1
  (including         Faced Phenolic     1       1           1      1      1
  Underside of Roof  Foam
  Drain Fitting)
  ___________________________________________________________________________

3.2.2   Aboveground Cold Pipelines

The following cold pipelines for minus 30 to plus 60 degrees F, shall be 
insulated per Table 2 except those piping listed in subparagraph Pipe 
Insulation in PART 3 as to be omitted.  This includes but is not limited to 
the following:

a.  Domestic cold and chilled drinking water.

b.  Make-up water.

c.  Horizontal and vertical portions of interior roof drains.

d.  Air conditioner condensate drains.

e.  Exposed lavatory drains and domestic water lines serving plumbing 
fixtures for handicap persons.

3.2.2.1   Insulation Material and Thickness
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Insulation thickness for cold pipelines shall be determined using Table 2.

3.2.2.2   Jacket for Mineral Fiber, Cellular Glass, Phenolic Foam, and 
Polyisocyanurate Foam Insulated Pipe

Insulation shall be covered with a factory applied vapor retarder jacket or 
field applied seal welded PVC jacket.  Insulation inside the building, to 
be protected with an aluminum jacket, shall have the insulation and vapor 
retarder jacket installed as specified herein.  The aluminum jacket shall 
be installed as specified for piping exposed to weather, except sealing of 
the laps of the aluminum jacket is not required.  In high abuse areas such 
as janitor closets and traffic areas in equipment rooms, and mechanical 
rooms, aluminum jackets shall be providedfor pipe insulation to the 6 ft 
level.  

3.2.2.3   Installing Insulation for Straight Runs Hot and Cold Pipe

a.  Insulation shall be applied to the pipe with joints tightly 
butted.  All butted joints and ends shall be sealed with joint 
sealant and sealed with a vapor retarder coating or PVDC adhesive 
tape.

b.  Longitudinal laps of the jacket material shall overlap not less 
than 1-1/2 inches.  Butt strips 3 inches wide shall be provided 
for circumferential joints.

c.  Laps and butt strips shall be secured with adhesive and stapled on 
4 inch centers if not factory self-sealing.  If staples are used, 
they shall be sealed per item "e." below.  Note that staples are 
not required with cellular glass systems.

d.  Factory self-sealing lap systems may be used when the ambient 
temperature is between 40 and 120 degrees F during installation.  
The lap system shall be installed in accordance with 
manufacturer's recommendations.  Stapler shall be used only if 
specifically recommended by the manufacturer.  Where gaps occur, 
the section shall be replaced or the gap repaired by applying 
adhesive under the lap and then stapling.

e.  All Staples, including those used to repair factory self-seal lap 
systems, shall be coated with a vapor retarder coating or PVDC 
adhesive tape.  All seams, except those on factory self-seal 
systems shall be coated with vapor retarder coating or PVDC 
adhesive tape.

f.  Breaks and punctures in the jacket material shall be patched by 
wrapping a strip of jacket material around the pipe and securing 
it with adhesive, stapling, and coating with vapor retarder 
coating or PVDC adhesive tape.  The patch shall extend not less 
than 1-1/2 inches past the break.

g.  At penetrations such as thermometers, the voids in the insulation 
shall be filled and sealed with vapor retarder coating or PVDC 
adhesive tape.
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h.  Installation of flexible elastomeric cellular pipe insulation 
shall be by slitting the tubular sections and applying them onto 
the piping or tubing.  Alternately, whenever possible slide 
un-slit sections over the open ends of piping or tubing.  All 
seams and butt joints shall be secured and sealed with adhesive.  
When using self seal products only the butt joints shall be 
secured with adhesive.  Insulation shall be pushed on the pipe, 
never pulled.  Stretching of insulation may result in open seams 
and joints.  All edges shall be clean cut.  Rough or jagged edges 
of the insulation shall not be permitted.  Proper tools such as 
sharp knives shall be used.  Grade 1, Type II sheet insulation 
when used on pipe larger than 6 inches shall not be stretched 
around the pipe.  On pipes larger than 12 inches, adhere sheet 
insulation directly to the pipe on the lower 1/3 of the pipe.

3.2.2.4   Insulation for Fittings and Accessories

a.  Pipe insulation shall be tightly butted to the insulation of the 
fittings and accessories.  The butted joints and ends shall be 
sealed with joint sealant and sealed with a vapor retarder coating 
or PVDC adhesive tape.

b.  Precut or preformed insulation shall be placed around all fittings 
and accessories and shall conform to MICA plates except as 
modified herein:  5 for anchors; 10, 11, and 13 for fittings; 14 
for valves; and 17 for flanges and unions.  Insulation shall be 
the same insulation as the pipe insulation, including same 
density, thickness, and thermal conductivity.  Where 
precut/preformed is unavailable, rigid preformed pipe insulation 
sections may be segmented into the shape required.  Insulation of 
the same thickness and conductivity as the adjoining pipe 
insulation shall be used.  If nesting size insulation is used, the 
insulation shall be overlapped 2 inches or one pipe diameter.  
Elbows insulated using segments shall conform to MICA Tables 12.20 
"Mitered Insulation Elbow'.

c.  Upon completion of insulation installation on flanges, unions, 
valves, anchors, fittings and accessories, terminations, seams, 
joints and insulation not protected by factory vapor retarder 
jackets or PVC fitting covers shall be protected with PVDC 
adhesive tape or two coats of vapor retarder coating with a 
minimum total thickness of 1/16 inch, applied with glass tape 
embedded between coats.  Tape seams shall overlap 1 inch.  The 
coating shall extend out onto the adjoining pipe insulation 2 
inches.  Fabricated insulation with a factory vapor retarder 
jacket shall be protected with PVDC adhesive tape or two coats of 
vapor retarder coating with a minimum thickness of 1/16 inch and 
with a 2 inch wide glass tape embedded between coats.  Where 
fitting insulation butts to pipe insulation, the joints shall be 
sealed with a vapor retarder coating and a 4 inch wide ASJ tape 
which matches the jacket of the pipe insulation.

d.  Anchors attached directly to the pipe shall be insulated for a 
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sufficient distance to prevent condensation but not less than 6 
inches from the insulation surface.

e.  Insulation shall be marked showing the location of unions, 
strainers, and check valves.

3.2.2.5   Optional PVC Fitting Covers

At the option of the Contractor, premolded, one or two piece PVC fitting 
covers may be used in lieu of the vapor retarder and embedded glass tape.  
Factory precut or premolded insulation segments shall be used under the 
fitting covers for elbows.  Insulation segments shall be the same 
insulation as the pipe insulation including same density, thickness, and 
thermal conductivity.  The covers shall be secured by PVC vapor retarder 
tape, adhesive, seal welding or with tacks made for securing PVC covers.  
Seams in the cover, and tacks and laps to adjoining pipe insulation jacket, 
shall be sealed with vapor retarder tape to ensure that the assembly has a 
continuous vapor seal.

3.2.3   Aboveground Hot Pipelines

All hot pipe lines above 60 degrees F, except those piping listed in 
subparagraph Pipe Insulation in PART 3 as to be omitted, shall be insulated 
per Table 2.  This includes but is not limited to the following:

a.  Domestic hot water supply & re-circulating system.

b.  Heated oil.

Insulation shall be covered, in accordance with manufacturer's 
recommendations, with a factory applied Type II jacket or field applied 
aluminum where required or seal welded PVC.

3.2.4   Piping Exposed to Weather

Piping exposed to weather shall be insulated and jacketed as specified for 
the applicable service inside the building.  After this procedure, an 
aluminum jacket or PVC jacket shall be applied.  PVC jacketing requires no 
factory-applied jacket beneath it, however an all service jacket shall be 
applied if factory applied jacketing is not furnished.  Flexible 
elastomeric cellular insulation exposed to weather shall be treated in 
accordance with paragraph INSTALLATION OF FLEXIBLE ELASTOMERIC CELLULAR 
INSULATION in PART 3.

3.2.4.1   Aluminum Jacket

The jacket for hot piping may be factory applied.  The jacket shall overlap 
not less than 2 inches at longitudinal and circumferential joints and shall 
be secured with bands at not more than 12 inch centers.  Longitudinal 
joints shall be overlapped down to shed water and located at 4 or 8 o'clock 
positions.  Joints on piping 60 degrees F and below shall be sealed with 
caulking while overlapping to prevent moisture penetration.  Where 
jacketing on piping 60 degrees F and below abuts an un-insulated surface, 
joints shall be caulked to prevent moisture penetration.  Joints on piping 
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above 60 degrees F shall be sealed with a moisture retarder.

3.2.4.2   Insulation for Fittings

Flanges, unions, valves, fittings, and accessories shall be insulated and 
finished as specified for the applicable service.  Two coats of breather 
emulsion type weatherproof mastic (impermeable to water, permeable to air) 
recommended by the insulation manufacturer shall be applied with glass tape 
embedded between coats.  Tape overlaps shall be not less than 1 inch and 
the adjoining aluminum jacket not less than 2 inches.  Factory preformed 
aluminum jackets may be used in lieu of the above.  Molded PVC fitting 
covers shall be provided when PVC jackets are used for straight runs of 
pipe.  PVC fitting covers shall have adhesive welded joints and shall be 
weatherproof.

3.2.4.3   PVC Jacket

PVC jacket shall be ultraviolet resistant and adhesive welded weather tight 
with manufacturer's recommended adhesive.  Installation shall include 
provision for thermal expansion.

3.3   DUCTWORK, PLENUMS, CASINGS, AND ACCESSORIES  INSULATION INSTALLATION

Corner angles shall be installed on external corners of insulation on 
ductwork in exposed finished spaces before covering with jacket.  Air 
conditioned spaces shall be defined as those spaces directly supplied with 
cooled conditioned air (or provided with a cooling device such as a 
fan-coil unit) and heated conditioned air (or provided with a heating 
device such as a unit heater, radiator or convector).

3.3.1   Duct Insulation Thickness

Duct insulation thickness shall be in accordance with Table 4.

Table 4 - Minimum Duct Insulation (inches)

                                                                  
           Cold Air Ducts                                 2.0
           Relief Ducts                                   1.5
           Fresh Air Intake Ducts                         1.5

           Warm Air Ducts                                 2.0
           Relief Ducts                                   1.5
           Fresh Air Intake Ducts                         1.5

3.3.2   Insulation and Vapor Retarder for Cold Air Duct

Insulation and vapor retarder shall be provided for the following cold air 
ducts and associated equipment.

a.  Supply ducts.

b.  Flexible run-outs (field-insulated).
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c.  Fresh air intake ducts.

Insulation for rectangular ducts shall be flexible type where concealed, 
minimum density 3/4 pcf, and rigid type where exposed, minimum density 3 pcf. 
 Insulation for both concealed or exposed round/oval ducts shall be 
flexible type, minimum density 3/4 pcf or a semi rigid board, minimum 
density 3 pcf, formed or fabricated to a tight fit, edges beveled and 
joints tightly butted and staggered.  Insulation for all exposed ducts 
shall be provided with either a white, paint-able, factory-applied Type I 
jacket or a field applied vapor retarder jacket coating finish as 
specified, the total field applied dry film thickness shall be 
approximately 1/16 inch.  Insulation on all concealed duct shall be 
provided with a factory-applied Type I or II vapor retarder jacket.  Duct 
insulation shall be continuous through sleeves and prepared openings except 
firewall penetrations.  Duct insulation terminating at fire dampers, shall 
be continuous over the damper collar and retaining angle of fire dampers, 
which are exposed to unconditioned air and which may be prone to condensate 
formation.  Duct insulation and vapor retarder shall cover the collar, 
neck, and any un-insulated surfaces of diffusers, registers and grills.  
Vapor retarder materials shall be applied to form a complete unbroken vapor 
seal over the insulation.  Sheet Metal Duct shall be sealed in accordance 
with Section 15895 AIR SUPPLY, DISTRIBUTION, VENTILATION, AND EXHAUST 
SYSTEM.

3.3.2.1   Installation on Concealed Duct

a.  For rectangular, oval or round ducts, flexible insulation shall be 
attached by applying adhesive around the entire perimeter of the 
duct in 6 inch wide strips on 12 inch centers.

b.  For rectangular and oval ducts, 24 inches and larger insulation 
shall be additionally secured to bottom of ducts by the use of 
mechanical fasteners.  Fasteners shall be spaced on 16 inch 
centers and not more than 16 inches from duct corners.

c.  For rectangular, oval and round ducts, mechanical fasteners shall 
be provided on sides of duct risers for all duct sizes.  Fasteners 
shall be spaced on 16 inch centers and not more than 16 inches 
from duct corners.

d.  Insulation shall be impaled on the mechanical fasteners (self 
stick pins) where used and shall be pressed thoroughly into the 
adhesive.  Care shall be taken to ensure vapor retarder jacket 
joints overlap 2 inches.  The insulation shall not be compressed 
to a thickness less than that specified.  Insulation shall be 
carried over standing seams and trapeze-type duct hangers.

e.  Self-locking washers shall be installed where mechanical fasteners 
are used.  The pin shall be trimmed back and bent over.

f.  Jacket overlaps shall be secured with staples and tape as 
necessary to ensure a secure seal.  Staples, tape and seams shall 
be coated with a brush coat of vapor retarder coating or PVDC 
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adhesive tape.

g.  Breaks in the jacket material shall be covered with patches of the 
same material as the vapor retarder jacket.  The patches shall 
extend not less than 2 inches beyond the break or penetration in 
all directions and shall be secured with tape and staples.  
Staples and tape joints shall be sealed with a brush coat of vapor 
retarder coating or PVDC adhesive tape.

h.  At jacket penetrations such as hangers, thermometers, and damper 
operating rods, voids in the insulation shall be filled and the 
penetration sealed with a brush coat of vapor retarder coating or 
PVDC adhesive tape.

i.  Insulation terminations and pin punctures shall be sealed and 
flashed with a reinforced vapor retarder coating finish or tape 
with a brush coat of vapor retarder coating..  The coating shall 
overlap the adjoining insulation and un-insulated surface 2 inches. 
 Pin puncture coatings shall extend 2 inches from the puncture in 
all directions.

j.  Where insulation standoff brackets occur, insulation shall be 
extended under the bracket and the jacket terminated at the 
bracket.

3.3.2.2   Installation on Exposed Duct Work

a.  For rectangular ducts, rigid insulation shall be secured to the 
duct by mechanical fasteners on all four sides of the duct, spaced 
not more than 12 inches apart and not more than 3 inches from the 
edges of the insulation joints.  A minimum of two rows of 
fasteners shall be provided for each side of duct 12 inches and 
larger.  One row shall be provided for each side of duct less than 
12 inches.  Mechanical fasteners shall be as corrosion resistant 
as G60 coated galvanized steel, and shall indefinitely sustain a 
50 lb tensile dead load test perpendicular to the duct wall.

b.  Duct insulation shall be formed with minimum jacket seams.  Each 
piece of rigid insulation shall be fastened to the duct using 
mechanical fasteners.  When the height of projections is less than 
the insulation thickness, insulation shall be brought up to 
standing seams, reinforcing, and other vertical projections and 
shall not be carried over.  Vapor retarder jacket shall be 
continuous across seams, reinforcing, and projections.  When 
height of projections is greater than the insulation thickness, 
insulation and jacket shall be carried over.  Apply insulation 
with joints tightly butted.  Neatly bevel insulation around name 
plates and access plates and doors.

c.  Insulation shall be impaled on the fasteners; self-locking washers 
shall be installed and the pin trimmed or bent over.

d.  Joints in the insulation jacket shall be sealed with a 4 inch wide 
strip of tape.  Tape  seams shall be sealed with a brush coat of 
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vapor retarder coating.

e.  Breaks and ribs or standing seam penetrations in the jacket 
material shall be covered with a patch of the same material as the 
jacket.  Patches shall extend not less than 2 inches beyond the 
break or penetration and shall be secured with tape and stapled.  
Staples and joints shall be sealed with a brush coat of vapor 
retarder coating.

f.  At jacket penetrations such as hangers, thermometers, and damper 
operating rods, the voids in the insulation shall be filled and 
the penetrations sealed with a brush coat of vapor retarder 
coating.

g.  Insulation terminations and pin punctures shall be sealed and 
flashed with a reinforced vapor retarder coating finish.  The 
coating shall overlap the adjoining insulation and un-insulated 
surface 2 inches.  Pin puncture coatings shall extend 2 inches 
from the puncture in all directions.

h.  Oval and round ducts, flexible type, shall be insulated with 
factory Type I jacket insulation with minimum density of 3/4 pcf, 
attached as per MICA standards.

3.3.3   Insulation for Warm Air Duct

Insulation and vapor barrier shall be provided for the following warm air 
ducts and associated equipment:.

a.  Supply ducts.

b.  Flexible run-outs (field insulated)

c.  Fresh air intake ducts

Insulation for rectangular ducts shall be flexible type where concealed, 
and rigid type where exposed.  Insulation on exposed ducts shall be 
provided with a white, paint-able, factory-applied Type II jacket, or 
finished with adhesive finish.  Flexible type insulation shall be used for 
round ducts, with a factory-applied Type II jacket.  Insulation on 
concealed duct shall be provided with a factory-applied Type II jacket.  
Adhesive finish where indicated to be used shall be accomplished by 
applying two coats of adhesive with a layer of glass cloth embedded between 
the coats.  The total dry film thickness shall be approximately 1/16 inch.  
Duct insulation shall be continuous through sleeves and prepared openings.  
Duct insulation shall terminate at fire dampers and flexible connections.

3.3.3.1   Installation on Concealed Duct

a.  For rectangular, oval and round ducts, insulation shall be 
attached by applying adhesive around the entire perimeter of the 
duct in 6 inch wide strips on 12 inch centers.

b.  For rectangular and oval ducts 24 inches and larger, insulation 
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shall be secured to the bottom of ducts by the use of mechanical 
fasteners.  Fasteners shall be spaced on 18 inch centers and not 
more than 18 inches from duct corner.

c.  For rectangular, oval and round ducts, mechanical fasteners shall 
be provided on sides of duct risers for all duct sizes.  Fasteners 
shall be spaced on 18 inch centers and not more than 18 inches 
from duct corners.

d.  The insulation shall be impaled on the mechanical fasteners where 
used.  The insulation shall not be compressed to a thickness less 
than that specified.  Insulation shall be carried over standing 
seams and trapeze-type hangers.

e.  Self-locking washers shall be installed where mechanical fasteners 
are used and the pin trimmed and bent over.

f.  Insulation jacket shall overlap not less than 2 inches at joints 
and the lap shall be secured and stapled on 4 inch centers.

3.3.3.2   Installation on Exposed Duct

a.  For rectangular ducts, the rigid insulation shall be secured to 
the duct by the use of mechanical fasteners on all four sides of 
the duct, spaced not more than 16 inches apart and not more than 6 
inches from the edges of the insulation joints.  A minimum of two 
rows of fasteners shall be provided for each side of duct 12 inches
 and larger and a minimum of one row for each side of duct less 
than 12 inches.

b.  Duct insulation with factory-applied jacket shall be formed with 
minimum jacket seams, and each piece of rigid insulation shall be 
fastened to the duct using mechanical fasteners.  When the height 
of projection is less than the insulation thickness, insulation 
shall be brought up to standing seams, reinforcing, and other 
vertical projections and shall not be carried over the projection. 
 Jacket shall be continuous across seams, reinforcing, and 
projections.  Where the height of projections is greater than the 
insulation thickness, insulation and jacket shall be carried over 
the projection.

c.  Insulation shall be impaled on the fasteners; self-locking washers 
shall be installed and pin excess clipped and bent over.

d.  Joints on jacketed insulation shall be sealed with a 4 inch wide 
strip of tape and brushed with vapor retarder coating.

e.  Breaks and penetrations in the jacket material shall be covered 
with a patch of the same material as the jacket.  Patches shall 
extend not less than 2 inches beyond the break or penetration and 
shall be secured with adhesive and stapled.

f.  Insulation terminations and pin punctures shall be sealed with 
tape and brushed with vapor retarder coating.
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g.  Oval and round ducts, flexible type, shall be insulated with 
factory Type I jacket insulation, minimum density of 3/4 pcf 
attached by staples spaced not more than 16 inches and not more 
than 6 inches from the degrees of joints.  Joints shall be sealed 
in accordance with item "d." above.

3.3.4   Ducts Handling Air for Dual Purpose

For air handling ducts for dual purpose below and above 60 degrees F, ducts 
shall be insulated as specified for cold air duct.

3.3.5   Duct Test Holes

After duct systems have been tested, adjusted, and balanced, breaks in the 
insulation and jacket shall be repaired in accordance with the applicable 
section of this specification for the type of duct insulation to be 
repaired.

3.4   EQUIPMENT INSULATION INSTALLATION

3.4.1   General

Removable insulation sections shall be provided to cover parts of equipment 
that must be opened periodically for maintenance including vessel covers, 
fasteners, flanges and accessories.  Equipment insulation shall be omitted 
on the following:

a.  Hand-holes.

c.  Cleanouts.

d.  ASME stamps.

e.  Manufacturer's nameplates.

3.4.2   Insulation for Cold Equipment

Cold equipment below 60 degrees F: Insulation shall be furnished on 
equipment handling media below 60 degrees F including the following:

a.  Pumps.

b.  Refrigeration equipment parts that are not factory insulated.

c.  Drip pans under chilled equipment.

d.  Water softeners.

g.  Roof drain bodies.

h.  Air handling equipment parts that are not factory insulated.

i.  Expansion and air separation tanks.
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3.4.2.1   Insulation Type

Insulation shall be suitable for the temperature encountered.  Material and 
thicknesses shall be as shown in Table 5:

Legend

RMF:  Rigid Mineral Fiber
FMF:  Flexible Mineral Fiber
CS:   Calcium Silicate
PL:   Perlite
CG:   Cellular Glass
FC:   Flexible Elastomeric Cellular
PF:   Phenolic Foam
PC:   Polyisocyanurate Foam

TABLE 5
Insulation Thickness for Cold Equipment (Inches and °F)

Equipment handling media             Material                Thickness
at indicated temperature:

_________________________________________________________________________

35 to 60                               CG                   1.5 inches
degrees F                              PF                   1.5 inches
                                       FC                   1.0 inches
                                       PC                   1.0 inches

__                                                                      

3.4.2.2   Pump Insulation

a.  Insulate pumps by forming a box around the pump housing.  The box 
shall be constructed by forming the bottom and sides using joints 
that do not leave raw ends of insulation exposed.  Joints between 
sides and between sides and bottom shall be joined by adhesive 
with lap strips for rigid mineral fiber and contact adhesive for 
flexible elastomeric cellular insulation.  The box shall conform 
to the requirements of MICA Insulation Stds plate No. 49 when 
using flexible elastomeric cellular insulation.  Joints between 
top cover and sides shall fit tightly forming a female shiplap 
joint on the side pieces and a male joint on the top cover, thus 
making the top cover removable.

b.  Exposed insulation corners shall be protected with corner angles.

c.  Upon completion of installation of the insulation, including 
removable sections, two coats of vapor retarder coating shall be 
applied with a layer of glass cloth embedded between the coats.  
The total dry thickness of the finish shall be 1/16 inch.  A 
parting line shall be provided between the box and the removable 
sections allowing the removable sections to be removed without 
disturbing the insulation coating.  Caulking shall be applied to 
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parting line, between equipment and removable section insulation, 
and at all penetrations.

3.4.2.3   Other Equipment

a.  Insulation shall be formed or fabricated to fit the equipment.  To 
ensure a tight fit on round equipment, edges shall be beveled and 
joints shall be tightly butted and staggered.

b.  Insulation shall be secured in place with bands or wires at 
intervals as recommended by the manufacturer but not more than 12 
inch centers except flexible elastomeric cellular which shall be 
adhered with contact adhesive.  Insulation corners shall be 
protected under wires and bands with suitable corner angles.

c.  Phenolic foam insulation shall be set in a coating of bedding 
compound and joints shall be sealed with bedding compound as 
recommended by the manufacturer.  Cellular glass shall be 
installed in accordance with manufacturer's instructions.  Joints 
and ends shall be sealed with joint sealant, and sealed with a 
vapor retarder coating.

d.  Insulation on heads of heat exchangers shall be removable.  
Removable section joints shall be fabricated using a male-female 
shiplap type joint.  The entire surface of the removable section 
shall be finished by applying two coats of vapor retarder coating 
with a layer of glass cloth embedded between the coats.  The total 
dry thickness of the finish shall be 1/16 inch.

e.  Exposed insulation corners shall be protected with corner angles.

f.  Insulation on equipment with ribs shall be applied over 6 x 6 
inches by 12 gauge welded wire fabric which has been cinched in 
place, or if approved by the Contracting Officer, spot welded to 
the equipment over the ribs.  Insulation shall be secured to the 
fabric with J-hooks and 2 x 2 inches washers or shall be securely 
banded or wired in place on 12 inch centers.

3.4.2.4   Vapor Retarder

Upon completion of installation of insulation, penetrations shall be 
caulked.  Two coats of vapor retarder coating shall be applied over 
insulation, including removable sections, with a layer of open mesh 
synthetic fabric embedded between the coats.  The total dry thickness of 
the finish shall be 1/16 inch.  Caulking shall be applied to parting line 
between equipment and removable section insulation.

3.4.3   Insulation for Hot Equipment

Insulation shall be furnished on equipment handling media above 60 degrees F
 including the following:

a.  Water heaters.
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b.  Pumps handling media above 130 degrees F.

c.  Air separation tanks.

d.  Surge tanks.

3.4.3.1   Insulation

Insulation shall be suitable for the temperature encountered.  Shell and 
tube-type heat exchangers shall be insulated for the temperature of the 
shell medium.

Insulation thickness for hot equipment shall be determined using Table 6:

Legend

RMF:  Rigid Mineral Fiber
FMF:  Flexible Mineral Fiber
CS:   Calcium Silicate
PL:   Perlite
CG:   Cellular Glass
FC:   Flexible Elastomeric Cellular
PF:   Phenolic Foam
PC:   Polyisocyanurate Foam

TABLE 6
Insulation Thickness for Hot Equipment (Inches and °F)

Equipment handling                  Material                Thickness
media to indicated pressure
or temperature limit:

_________________________________________________________________________

15 psig                                RMF                  2.0 inches
or                                     FMF                  2.0 inches
250F                                   CS/PL                4.0 inches
                                       CG                   3.0 inches
                                       PF                   1.5 inches
                                       FC (<200F)           1.0 inches

__                                       PC                   1.0 inches

3.4.3.2   Insulation of Pumps

Insulate pumps by forming a box around the pump housing.  The box shall be 
constructed by forming the bottom and sides using joints that do not leave 
raw ends of insulation exposed.  Bottom and sides shall be banded to form a 
rigid housing that does not rest on the pump.  Joints between top cover and 
sides shall fit tightly.  The top cover shall have a joint forming a female 
shiplap joint on the side pieces and a male joint on the top cover, making 
the top cover removable.  Two coats of Class I adhesive shall be applied 
over insulation, including removable sections, with a layer of glass cloth 
embedded between the coats.  A parting line shall be provided between the 
box and the removable sections allowing the removable sections to be 
removed without disturbing the insulation coating.  The total dry thickness 
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of the finish shall be 1/16 inch.  Caulking shall be applied to parting 
line of the removable sections and penetrations.

3.4.3.3   Other Equipment

a.  Insulation shall be formed or fabricated to fit the equipment.  To 
ensure a tight fit on round equipment, edges shall be beveled and 
joints shall be tightly butted and staggered.

b.  Insulation shall be secured in place with bands or wires at 
intervals as recommended by the manufacturer but not greater than 
12 inch centers except flexible elastomeric cellular which shall 
be adhered.  Insulation corners shall be protected under wires and 
bands with suitable corner angles.

c.  On high vibration equipment, cellular glass insulation shall be 
set in a coating of bedding compound as recommended by the 
manufacturer, and joints shall be sealed with bedding compound.  
Mineral fiber joints shall be filled with finishing cement.

d.  Exposed insulation corners shall be protected with corner angles.

e.  Upon completion of installation of insulation, penetrations shall 
be caulked.  Two coats of adhesive shall be applied over 
insulation, including removable sections, with a layer of glass 
cloth embedded between the coats.  The total dry thickness of the 
finish shall be 1/16 inch.  Caulking shall be applied to parting 
line between equipment and removable section insulation.

3.4.4   Equipment Handling Dual Temperature Media

Below and above 60 degrees F:  equipment handling dual temperature media 
shall be insulated as specified for cold equipment.

        -- End of Section --
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SECTION 15192N

FUEL OIL PIPING
08/03

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI A13.1 (1996; R 2002) Scheme for Identification 
of Piping Systems

ANSI B16.24 (1991; Errata 1991) Cast Copper Alloy Pipe 
Flanges and Flanged Fittings Class 150, 
300, 400, 600, 900, 1500, and 2500

ANSI B18.2.1 (1996; Errata 2003) Square and Hex Bolts 
and Screws Inch Series

AMERICAN PETROLEUM INSTITUTE (API)

API 600 (2001) Bolted Bonnet Steel Gate Valves for 
Petroleum and Natural Gas Industries

API RP 1110 (1997) Pressure Testing of Liquid 
Petroleum Pipelines

API RP 1615 (1996; R 2001) Installation of Underground 
Petroleum Storage Systems

AMERICAN WELDING SOCIETY (AWS)

AWS A5.8 (1992) Filler Metals for Brazing and Braze 
Welding

AWS Z49.1 (1999) Safety in Welding, Cutting and 
Allied Processes

ASME INTERNATIONAL (ASME)

ASME B1.1 (2001; R 2003) Unified Inch Screw Threads 
(UN and UNR Thread Form)

ASME B16.11 (2002) Forged Fittings, Socket-Welding and 
Threaded
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ASME B16.21 (1992) Nonmetallic Flat Gaskets for Pipe 
Flanges

ASME B16.22 (2002) Wrought Copper and Copper Alloy 
Solder Joint Pressure Fittings

ASME B16.3 (1998) Malleable Iron Threaded Fittings

ASME B16.39 (1998) Malleable Iron Threaded Pipe Unions

ASME B16.5 (2003) Pipe Flanges and Flanged Fittings

ASME B16.9 (2003) Factory-Made Wrought Steel 
Buttwelding Fittings

ASME B18.2.2 (1987; R 1999) Square and Hex Nuts

ASME B31.1 (2004) Power Piping

ASME B31.3 (2002) Process Piping

ASME B31.4 (2002) Piping Transportation Systems for 
Liquid Hydrocarbons and Other Liquid

ASME B40.1 (1991) Gauges - Pressure Indicating Dial 
Type - Elastic Element

ASME BPVC SEC IX (2001) Boiler and Pressure Vessel Code; 
Section IX, Welding and Brazing 
Qualifications

ASME BPVC SEC VIII D1 (2001) Boiler and Pressure Vessel Code; 
Section VIII, Pressure Vessels Division 1 
- Basic Coverage

ASTM INTERNATIONAL (ASTM)

ASTM A 194/A 194M (2004a) Carbon and Alloy Steel Nuts for 
Bolts for High Pressure or High 
Temperature Service or Both

ASTM A 307 (2004) Carbon Steel Bolts and Studs, 60 
000 PSI Tensile Strength

ASTM A 36/A 36M (2004) Carbon Structural Steel

ASTM A 53/A 53M (2004a) Pipe, Steel, Black and Hot-Dipped, 
Zinc-Coated, Welded and Seamless

ASTM B 88 (2003) Seamless Copper Water Tube

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)
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MSS SP-110 (1996) Ball Valves Threaded, 
Socket-Welding, Solder Joint, Grooved and 
Flared Ends

MSS SP-58 (2002) Pipe Hangers and Supports - 
Materials, Design and Manufacture

MSS SP-69 (2002) Pipe Hangers and Supports - 
Selection and Application

MSS SP-72 (1999) Ball Valves with Flanged or 
Butt-Welding Ends for General Service

MSS SP-80 (2003) Bronze Gate, Globe, Angle and Check 
Valves

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 30 (2003) Flammable and Combustible Liquids 
Code

NFPA 31 (2001) Installation of Oil Burning 
Equipment

NFPA 70 (2005) National Electrical Code

NFPA 780 (2000) Installation of Lightning 
Protection Systems

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 
(SMACNA)

SMACNA Seismic Restraint Mnl (1998, 2nd Ed) Seismic Restraint Manual:  
Guidelines for Mechanical Systems

THE SOCIETY FOR PROTECTIVE COATINGS (SSPC)

SSPC Paint 20 (2002) Zinc-Rich Primers, (Type I - 
"Inorganic" and Type II - "Organic")

SSPC SP 10 (2000) Near-White Blast Cleaning

U.S. DEPARTMENT OF DEFENSE (DOD)

DOD-C-24176 (Rev B; Am 1) Cement, Epoxy, Metal Repair 
and Hull Smoothing (Metric)

MIL-C-18480 (Rev B; Notice 1) Coating Compound, 
Bituminous, Solvent, Coal-Tar Base

MIL-C-19902 (Rev C; Notice 2) Caps, Vent, Fuel Storage 
Tank

MIL-C-4556 (Rev F; Notice 1) Coating Kit, Epoxy, for 
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Interior of Steel Fuel Tanks

MIL-P-24441 (Rev C; Supp 1) Paint, Epoxy-Polyamide

MIL-PRF-907 (Rev E; Am 2) Antiseize Thread Compound, 
High Temperature

MIL-T-22361 (Basic; Am 1; Notice 1) Thread Compound; 
Antiseize, Zinc Dust-Petrolatum

MIL-T-27730 (Rev A; Notice 2) Tape, Antiseize, 
Tetrafluoroethylene, with Dispenser

MIL-V-18436 (Rev F) Valves, Check, Bronze, Cast Iron, 
and Steel Body

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

FS A-A-1689 (Rev B) Tape, Pressure-Sensitive Adhesive, 
(Plastic Film)

FS A-A-50561 (Basic) Pumps, Rotary, Power-Driven, 
Viscous Liquids

FS A-A-50568 (Basic) Gages, Liquid Level Measuring, Tank

FS L-C-530 (Rev C) Coating, Pipe, Thermoplastic Resin

FS L-T-1512 (Rev A) Tape, Pressure Sensitive Adhesive, 
Pipe Wrapping

FS WW-S-2739 (Basic) Strainers, Sediment:  Pipeline, 
Water, Air, Gas, Oil, or Steam

UNDERWRITERS LABORATORIES (UL)

UL 142 (2002) Steel Aboveground Tanks for 
Flammable and Combustible Liquids

UL 842 (1997; Rev Oct 1999) Valves for Flammable 
Fluids

UL Gas&Oil Dir (2003)Flammable and Combustible Liquids 
and Gases Equipment Directory

1.2   RELATED REQUIREMENTS

Section 15050N BASIC MECHANICAL MATERIALS AND METHODS applies to this 
section with additions and modifications specified herein.

1.3   DEFINITIONS

1.3.1   Carrier Piping
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Piping which contains fuel oil, exclusively.

1.3.2   Secondary Containment System

System which contains carrier piping and prevents fuel leakage from carrier 
piping into surrounding soil and/or water.  System may be either boxed-in 
trench or double-walled piping.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Pipe and fittings

Valves; G-AE

Flexible hose

Dielectric unions

Strainers; G-AE

Meters; G-AE

Instruments; G-AE

Heaters; G-AE

Pumps; G-AE

Storage tanks; G-AE

Secondary containment system for piping; G-AE

Leak detection system; G-AE

Copper tube extracted joint

SD-07 Certificates

Welding procedure

Qualification of welders

List of welder's names and symbols

Flexible hose
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Dielectric unions

Tank surface preparation

Coating materials

Coating application procedure

SD-08 Manufacturer's Instructions

Secondary containment system for piping

Leak detection system

Copper tube extracted joint

Fiberglass and flexible pipe

SD-10 Operation and Maintenance Data

Heaters, Data Package 3

Pumps, Data Package 3 

Leak detection system, Data Package 3

  Submit in accordance with Section 01781 OPERATION AND 
MAINTENANCE DATA.

1.5   QUALITY ASSURANCE

1.5.1   Welding Procedure

Before performing welding, submit three copies of welding procedure 
specification for metals included in the work, together with proof of its 
qualifications as outlined in ASME B31.1.

1.5.2   Qualification of Welders

Before welder or operator performs welding, submit to the Contracting 
Officer three copies of the Welder's Performance Qualification Record in 
conformance with ASME B31.1 showing that the welder was tested under the 
approved procedure specification submitted by the Contractor.

1.5.3   List of Welder's Names and Symbols

Submit each welder's assigned number, letter, or symbol which shall be used 
to identify the work of the welder and shall be affixed immediately upon 
completion of the weld.

1.5.4   Defective Welds

Welders making defective welds after passing a qualification test shall be 
required to take a re-qualification test.  Welders failing the 
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re-qualification tests will not be permitted to work under this contract.

1.5.5   Previous Welder Qualifications

Welding procedures, welders, and welding operators previously qualified by 
test may be accepted for this contract without re-qualification, subject to 
approval by the Contracting Officer provided that all the conditions 
specified in ASME B31.1 are met before a procedure can be used.

1.6   WELDING SAFETY

AWS Z49.1.

1.7   REGISTRATION

Contractor shall obtain required tank registration or permit/approval 
application forms from governing regulatory agencies.  Furnish completed 
forms to the Contracting Officer and the installation environmental office 
within 10 days after contract award for their submission to the regulatory 
agency.

PART 2   PRODUCTS

Provide fuel oil system including equipment, materials, installation, 
workmanship, fabrication, assembly, erection, examination, inspection, and 
testing shall be in accordance with ASME B31.1, NFPA 70 and SMACNA Seismic 
Restraint Mnl, as modified and supplemented by the contract specifications 
and drawings.

2.1   MATERIALS AND EQUIPMENT

2.1.1   Steel Pipe and Fittings

2.1.1.1   Pipe

ASTM A 53/A 53M, Schedule 40 , black steel, electric-resistance welded or 
seamless.

2.1.1.2   Threaded and Socket-Welding Fittings

ASME B16.11, forged steel, Class 2000 .

2.1.1.3   Threaded Fittings

ASME B16.3, black malleable iron, Class 150 .

2.1.1.4   Butt-Welding Fittings

ASME B16.9, Class 150 .  Backing rings shall conform to ASME B31.3 and be 
compatible with materials being welded.

2.1.1.5   Flanges and Flange Fittings

ASME B16.5, steel flanges or convoluted steel flanges which meet the 
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criteria of ASME BPVC SEC VIII D1.  Flange faces shall have integral 
grooves of rectangular cross section which afford containment for 
self-energizing gasket material.

2.1.2   Copper Piping

2.1.2.1   Pipe and Tubing

ASTM B 88, Type K.

2.1.2.2   Flanges and Flanged Fittings

ANSI B16.24, Class 150 .

2.1.2.3   Solder Joint Fittings

ASME B16.22 wrought copper.

2.1.3   Fiberglass and Flexible Pipe

2.1.3.1   Pipe

Fiberglass and flexible pipe shall be approved by the Underwriters 
Laboratories for the service intended and listed in UL Gas&Oil Dir.  Use of 
fiberglass or flexible piping is limited to buried service only and at 
pressures not exceeding that marked on the pipe.

2.1.3.2   Fiberglass Pipe Fittings

Fiberglass pipe fitting shall be the same manufacturer as the pipe with 
adhesives compatible with the product.  Threading of fiberglass pipe or 
mechanical pipe coupling will not be permitted.

2.1.3.3   Flexible Pipe Fittings

Bronze mechanical coupling shall be supplied by the same manufacturer as 
the pipe.

2.1.4   Vent Piping

ASTM A 53/A 53M standard weight, zinc-coated steel with zinc-coated 
malleable iron fittings ASME B16.3.

2.1.5   Valves

2.1.5.1   Bronze Gate Valves

MSS SP-80 Class 125, 2 inches and smaller, wedge disk, nonrising stem.

2.1.5.2   Steel Gate Valves

API 600, oil service, Class 150.

2.1.5.3   Ball Valves
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MSS SP-72 for flanged or butt-welding ends and MSS SP-110 for threaded, 
socket-welding, solder joint, grooved and flared ends.

2.1.5.4   Relief Valves

UL 842, steel or bronze bodies, corrosion-resistant valve seats, and 
positive closing to prevent leakage.

2.1.5.5   Check Valves

MIL-V-18436, Group A or C, Type I, II or III , Trim 3, 4 or 5 , Class 150.

2.1.5.6   Plug Valves

Cast-Steel, PTFE seat, non-lubricated full port, taper plug or square head, 
UL listed.

2.1.6   Secondary Containment System for Piping

Provide double-walled piping secondary containment system for underground 
piping to completely contain the carrier piping from the tank, including 
swing joints, to 6 inches aboveground.  Secondary containment shall allow 
for complete inspection of carrier pipe connections, during carrier pipe 
hydrostatic testing, before the secondary containment system is sealed.  
When steel pipe is provided as the secondary containment, provide 
protection as specified in paragraph entitled "Protective Coating Systems 
for Underground Steel Piping."  The secondary containment system for 
underground piping shall be:

a.  Compatible with No. 2 fuel oil.

b.  Non-corrosive, di-electric, non-degradable and resistant to attack 
from microbial growth.

c.  Designed and made of materials which have sufficient strength to 
withstand the maximum underground burial loads.  Double-walled 
outer piping shall be able to withstand H2O loading and a minimum 
5 pounds per square inch air pressure test.  Prefabricated joints 
shall be 100 percent air tested at factory.

2.1.7   Piping Accessories

2.1.7.1   Flexible Hose

Flexible metal hose, corrugated type with braided wire sheath covering, 
close-pitch annular corrugations, rated for a working pressure of at least 
125 psig, 8 inch minimum live length, screwed end connections, UL listed 
for flammable liquid service.  Metal for hose and braided wire sheath shall 
be stainless steel, any type of ASTM 300-series.

2.1.7.2   Unions

ASME B16.39, Class 150 pound.
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a.  Dielectric Unions:  Union comprised of steel female pipe thread 
end and copper solder-joint end conforming to dimensional, 
strength, and pressure requirements of ASME B16.39, Class 1.  
Steel parts shall be galvanized or plated.  Union shall have a 
water-impervious insulation barrier capable of limiting galvanic 
current to one percent of the short-circuit current in a 
corresponding bimetallic joint.  When dry, it shall be able to 
withstand a 600-volt breakdown test.

2.1.7.3   Welding Filler Metal

ASME B31.4 and compatible with the materials to be welded.

2.1.7.4   Brazing Filler Metal

AWS A5.8, silver base alloy, with melting point not less than 1100 degrees F.

2.1.7.5   Hangers, Supports, and Shields

Design, selection, fabrication, installation, and spacing shall conform to 
MSS SP-58 and MSS SP-69.  Hangers, supports, rods, anchors, nuts, bolts, 
and washers shall be hot-dip galvanized.  Hangers and supports shall be of 
the adjustable type.

2.1.7.6   Strainers

FS WW-S-2739 single basket type, with inlet and outlet on the same center 
line.  Cast steel or fabricated steel body, 40 by 40 mesh ASTM 300-series 
stainless steel baskets.  Open area of one basket shall be 2 1/2-times 
inlet or outlet piping area.  Furnish one spare basket.

2.1.7.7   Gaskets

Provide one piece, factory cut, 1/16 inch thick, gaskets resistant to the 
effects of fuel oil and manufactured of fire-resistant materials.  Provide 
full-face gaskets for flat-face flanged joints, and ring gaskets for 
raised-face flanged joints.  Dimensions for gaskets shall be in accordance 
with ASME B16.21.

2.1.7.8   Bolting

Material for bolts and studs ASTM A 307, Grade-B and for nuts ASTM A 194/A 
194M, Grade-2.  Dimensions of bolts, studs and nuts ANSI B18.2.1 and ASME 
B18.2.2 with threads conforming to ASME B1.1 coarse type, with Class 2A fit 
for bolts and studs, and Class 2B for nuts.

2.1.7.9   Sleeves in Masonry and Concrete Walls, Floors, Roofs

Provide ASTM A 53/A 53M, Schedule 40 or Standard Weight, zinc-coated steel 
pipe sleeves.

2.1.7.10   Sleeves in Other Wall, Floor, and Roof Materials
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Provide minimum 26 gage zinc-coated steel sheet sleeves in partitions and 
other than masonry and concrete walls, floors, and roof.

2.1.7.11   Floor, Walls, and Ceiling Plates

Plates shall be painted cast-iron, malleable iron, or steel.

2.1.7.12   Identification for Piping Aboveground

Labels for pipes 3/4 inch diameter and larger shall bear printed legends to 
identify contents of pipes and arrows to show direction of flow.  Labels 
shall have color coded background to signify levels of hazard in accordance 
with ANSI A13.1.  Legends and type and size of characters shall also 
conform to ANSI A13.1.  Make labels of plastic sheet FS A-A-1689 with 
pressure sensitivity suitable for intended applications, or they may be 
premolded of plastic to fit over pipe.  For pipes smaller than 3/4 inch 
diameter, provide brass identification tags 1 1/2 inches in diameter with 
legends in depressed black filled characters.

2.1.7.13   Buried Utility Warning and Identification Tape

Detectable aluminum foil plastic backed tape or detectable magnetic plastic 
tape manufactured specifically for warning and identification of buried 
piping.  Tape shall be detectable by an electronic detection instrument.  
Provide tape in rolls, 3 inches minimum width, yellow in color with warning 
and identification imprinted in bold black letters continuously and 
repeatedly over entire tape length.  Warning and identification shall read 
"CAUTION BURIED FUEL OIL PIPING BELOW" or similar wording.  Provide 
permanent code and letter coloring unaffected by moisture and other 
substances contained in trench backfill material.  Bury tape with printed 
side up at a depth of 12 inches below top surface of earth or top surface 
of subgrade under pavements.

2.1.7.14   Miscellaneous Metal

ASTM A 36/A 36M, standard mill finished structural shapes, hot-dip 
galvanized after fabrication.

2.1.8   Instruments

2.1.8.1   Tank Gages

FS A-A-50568, buoyant force type with direct reading dial.

2.1.8.2   Thermometers

Thermometers shall be bi-metal dial type with stainless steel case, stem, 
and fixed thread connection; 5 inch diameter dial with glass face gasketed 
within the case; accuracy within one percent of scale range.  Provide scale 
range suitable for the intended service.

2.1.8.3   Pressure Gages

ASME B40.1, single style with 4 1/2 inch diameter dial for fuel, brass or 
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aluminum case, bronze tube;  accuracy within 2 percent of scale range.  
Provide scale range suitable for the intended service.

2.1.9   Protective Coating Systems for Underground Steel Piping

2.1.9.1   Underground Piping and Fittings

Provide protective coating system on both steel carrier piping when direct 
buried, in secondary containment or in a trench and on steel secondary 
containment piping.

a.  Piping:  New steel pipe shall receive protective coating system of 
factory-applied adhesive undercoat and continuously extruded 
polyethylene coating conforming to FS L-C-530, minimum thickness 
of plastic resin shall be 36 mils for pipe sizes 6 inches and 
larger, and 23 mils for pipe sizes under 6 inches.

b.  Fittings and Other Surfaces:  Fittings, couplings, regular 
surfaces, damaged areas of extruded polyethylene coating and 
existing piping affected by the Contractor's operations shall be 
protected by the application of tape.  Surfaces to be tape wrapped 
shall be clean, dry and grease free.  Tape conforming to FS 
L-T-1512 and of the type specified below shall be applied over a 
primer compatible with the tape and the extruded polyethylene 
coating.

(1)  Fittings, Couplings, and Regular Surfaces:  Tape shall be 
initially stretched sufficiently to conform to the surface to 
which it is applied, using one layer lapped at least one inch.  
Tape shall overlap the extruded polyethylene coated piping 3 inches
 at all joints.  A second layer, lapped at least one inch, with a 
tension as it comes off the roll shall be applied and pressed to 
conform to the shape of the component.  Tape shall conform to FS 
L-T-1512, Type II, 20 mils nominal thickness.  Do not wrap joints 
until completion of pressure testing.

(2)  Damaged Areas of Extruded Polyethylene Coating:  Residual 
material from coating shall be pressed into the break or trimmed 
off.  Tape shall be applied spirally and one-half lapped as it is 
applied.  Tape shall extend 3 inches beyond the damaged area.  A 
double wrap of one full width of tape shall be applied at right 
angles to the pipe axis in a manner to seal each end of the spiral 
wrapping.  Tape shall conform to FS L-T-1512, Type II, 20 mils 
nominal thickness.

(3)  Existing Piping Affected by the Contractor's Operation:  Wrap 
to 3 inches beyond the point of connection.

c.  Flanges, Valves, and Irregular Surfaces:  These items shall 
receive coal tar base coating conforming to MIL-C-18480 applied to 
a minimum dry film thickness of 30 mils.

2.1.9.2   Cathodic Protection
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Underground coated steel piping shall have cathodic protection with test 
stations as specified in Section 13110A CATHODIC PROTECTION SYSTEM 
(SACRIFICIAL ANODE).

2.1.10   Protective Coating Materials for Aboveground Pipe and Tanks

Coatings shall be the products of one manufacturer and coating application 
procedure shall be in accordance with manufacturer's instruction.  Tank 
surface preparation shall be abrasive blast clean steel surfaces in 
accordance with SSPC SP 10 to a surface profile of 1/2 to 2 mils.

2.1.10.1   External Coatings

Protect aboveground piping and steel tanks against atmospheric corrosion 
with a coat of organic, lead and chromate free, zinc-rich primer conforming 
to SSPC Paint 20, Type II applied to a minimum dry film thickness of 4 mils 
and finish with two coats of epoxy-polyamide topcoat conforming to 
MIL-P-24441.  Apply a gray first topcoat conforming to MIL-P-24441/2, 
Formula 151 applied to a minimum dry film thickness of 3 mils and finish 
with a white second topcoat conforming to MIL-P-24441/3, Formula 152 
applied to a minimum dry film thickness of 3 mils resulting in a total 
system minimum dry film thickness of 11 mils.

2.1.10.2   Internal Coatings

Internally coat tanks larger than 20,000 gallons.  Prior to coating tank 
interior, seal unsealed lap seams with epoxy cement conforming to 
DOD-C-24176, Type II.  Fill voids that are inaccessible to brush applied 
coatings with epoxy cement prior to coating application.  Provide a two 
coat epoxy resin system conforming to MIL-C-4556.  Coat tank bottom and up 
18 inches on all sides.

a.  MIL-C-4556 System:  Composition L Limited use.  Apply each coat to 
a minimum dry film thickness of 3 mils resulting in a total system 
minimum dry film thickness of 7 mils.

2.2   PUMPING EQUIPMENT

2.2.1   Oil Pumps

FS A-A-50561 suitable for No. 2 oil at a viscosity of 33 SSU.  Pumps shall 
deliver 2 gpm at a developed head of 54 feet and a suction lift not less 
than 15 feet.  Mount pump and direct connected electric motor or steam 
turbine on extended base plate.  Provide a drip pan with each pump.  
Provide all metal flexible coupling between pump and drive.  Provide 
pressure relief valve on discharge lines, piped to return line.  Provide 
duplex strainer on suction side.  Motor starters on oil pumps shall be 
lockable.

2.3   FUEL OIL STORAGE TANKS AND ACCESSORIES

2.3.1   Fuel Oil Storage Tanks

Construct fuel oil tanks of steel to comply with NFPA 30, NFPA 31, and UL 
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142.  Provide openings for fill, vent, pump suction, oil return, oil level 
gage.  Size vent pipes according to NFPA 30, NFPA 31, and UL 142 but not 
less than 1 1/4 inch nominal inside diameter.  Vent pipe shall connect to 
tapping at high end of tank and shall not extend more than one inch into 
tank.  

2.3.2   Design, Construction, and Testing of Fuel Oil Tanks

Aboveground steel fuel oil tanks, UL 142, welded construction, UL listed.

2.3.3   Connections to Fuel Oil Tanks

Provide the following connections:

a.  Goose-neck vent caps or caps conforming to MIL-C-19902.

b.  Fill lines with removable single strainer and locking fill boxes.

c.  A sounding connection, to permit entry of the gaging rod, with a 
locking cap.  Provide graduated gaging rod and calibration chart.

d.  Pump suction lines with internal vertical pipes and foot valve 
extending to within 4 inches of tank bottom.

e.  Fuel oil supply, return, fill and vent piping utilizing swing 
joint elbows to allow for ample tank movement and pipe expansion.  
Drain piping into tank when pump is shut-off.

f.  Flexible hose connections for vibration isolation of oil burning 
equipment.

g.  On steel tanks weld a 12 by 12 by 1/4 inch steel striker plate 
under gage and fill lines.

h.  Nylon dielectric bushings on pipe connections to steel tanks.

i.  Ball float valves on vent lines to restrict flow into tank when 
the tank reaches 90 percent full.

j.  Automatic high level alarm with setting of approximately 95 
percent and 98 percent of tank capacity.  Audible alarm shall 
sound locally at tank.

PART 3   EXECUTION

3.1   INSTALLATION

Contractor shall provide installation of fuel oil piping system in 
accordance with applicable Federal, State, regional or local regulations.

3.1.1   Fuel Oil Piping System

Install piping in out-of-the-way locations, in a manner that will minimize 
cutting of beams, girders, columns, or load-bearing members.  Installation 
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of oil piping and equipment in buildings shall conform to NFPA 30 and NFPA 
31, except as indicated or specified herein.  Underground piping shall also 
conform to API RP 1615.

3.1.2   Pipe Sleeves and Plates

Provide sleeves where piping passes through walls, floors, roofs, and 
partitions.  Secure sleeves in proper position and location during 
construction.  Provide sleeves of sufficient length to pass through entire 
thickness of walls, floors, roofs, and partitions.  Extend sleeves in floor 
slabs 3 inches above the finished floor.  Provide not less than 1/4 inch 
space between exterior of piping or pipe insulation and interior of sleeve. 
Firmly pack space with insulation and calk at both ends of the sleeve with 
plastic waterproof cement which will dry to a firm but pliable mass, or 
provide a segmented elastomeric seal.  Secure plates to pipes at sleeves.

3.1.3   Steel Piping

Steel piping 2 inches and smaller shall be threaded or socket-welded.  
Steel piping 2 1/2 inches and larger shall be buttwelded.  Flanges may be 
used for valves and equipment installation.  Piping joints shall conform to 
ASME B31.3.  

3.1.4   Threaded Joints in Piping

Provide lubricant or polytetrafluoroethylene tape conforming to MIL-T-27730 
on male threads of screwed joints.  Red or white lead and zinc compound 
conforming to MIL-T-22361 may be used.  Lubricate threaded pipe joints, as 
well as bolts and studs used on high temperature pipe joints up to 1050 
degrees F, with anti-seize compound in accordance with MIL-PRF-907.  Piping 
shall be free from fins and burrs.  Ream or file out pipe ends to size of 
bore and remove chips.  Attach screwed flanges by screwing the pipe through 
the flange, and reface pipe and flange accurately.

3.1.5   Copper Tubing

Cut with square ends and remove burrs and fins.  Replace tubing cut, 
dented, or otherwise damaged with new tubing.  Clean outside surface of 
tubing ends and inside recess of fittings to bright metal with wire brush 
or abrasive, then apply flux to outside surface of tubing ends and on the 
recess inside of fittings.  Insert tubing to the full depth of fitting, 
then braze.  Remove stems and washers of solder-joint type valves before 
brazing.  Brazing procedure qualification and preparation and procedures 
for joints shall be in accordance with ASME B31.3.

3.1.5.1   Copper Tube Extracted Joint

Extracted mechanical tee joint may be made in copper tube.  Make joint with 
an appropriate tool by drilling a pilot hole and drawing out the tube 
surface to form a collar having a minimum height of three times the 
thickness of the tube wall.  To prevent the branch tube from being inserted 
beyond the depth of the extracted joint, provide dimpled depth stops.  
Notch the branch tube for proper penetration into fitting to assure a free 
flow joint.  Braze extracted joints using a copper phosphorous 
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classification brazing filler metal.  Soldered joints are not permitted.  
Joints shall meet all system design and test requirements specified herein, 
be approved by the manufacturer for the specific service and be installed 
in strict accordance with the manufacturers written procedures and 
instructions.

3.1.6   Non-Metallic Piping

Non-metallic piping shall be installed in accordance with pipe 
manufacturer's instruction.

3.1.7   Welding

3.1.7.1   Welding of Piping

Welding of joints in piping, butt welds, fillet welds, bends, loops, 
offsets, and cleaning of pipe shall be in accordance with ASME B31.1. Welds 
shall be visually examined and meet acceptance standards specified in 
Chapter VI of ASME B31.1.

3.1.7.2   Quality of Welds

Quality of welds, correction of defects, stress relieving, and preheating 
shall be in accordance with ASME B31.1.

3.1.7.3   Arc Welding and Gas Welding

In accordance with ASME BPVC SEC IX.

3.1.8   Unions and Flanges

Place unions and flanges where necessary to permit easy disconnection of 
piping and apparatus.  Each connection having a threaded end valve shall 
have a union.

3.1.9   Valves

Install valves in positions accessible for operation and repair.

3.1.10   Thermometers

Provide thermometers and thermal sensing elements of control valves with 
separable sockets.  Install separable sockets in pipe lines in such a 
manner to sense the temperature of flowing fluid and minimize obstruction 
to flow.

3.1.11   Fuel Oil Storage Tanks

Install storage tanks, vents and other connections in accordance with NFPA 
30, NFPA 31, recommendations and published instructions of the 
manufacturer, and as indicated.  Provide grounding of tanks directly 
through ground rods or through bonding to grounded network in accordance 
with NFPA 780.  Fasten aboveground fuel oil tanks on a firm reinforced 
concrete foundation.  Provide fireproofed steel supports between tank and 
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foundation.  

3.2   FIELD QUALITY CONTROL

Prior to application of test pressure, remove or valve off piping 
components which may be damaged by test and install a calibrated test gage 
in the system.  Maintain test pressure for at least one hour.  In the event 
of leakage, locate and repair leak by rewelding and repeat test.  Materials 
and equipment shall be subject to inspection at the installation site by 
the Contracting Officer.

3.2.1   Piping Test

Before final acceptance of the work, test each system as in service to 
demonstrate compliance with contract requirements.  Furnish electricity, 
instruments, connecting devices, and personnel for the tests.  Correct 
defects in work provided by the Contractor and repeat tests until work is 
in compliance with contract requirements.  Government will furnish fuel for 
piping testing and flushing provided by the Contractor.  Contractor shall 
be responsible for test fuel losses greater than 10 percent.

3.2.1.1   Pneumatic Test

Pneumatically test each piping system to 25 psig, examine joints with soap 
solution.  Gradually increase to 50 psig and hold for 1 hour.  The 
pneumatic test is more hazardous than a hydrostatic test, therefore, 
special safety measures, including the wearing of face masks, shall be 
taken during testing under pressure.  Only authorized personnel shall be 
permitted in the area during pneumatic and hydrostatic testing.

3.2.1.2   Hydrostatic Tests

Upon completion of pneumatic testing, hydrostatically test each piping 
system at 1.5 times maximum system operating pressure but in no case more 
than 275 psig in accordance with ASME B31.3 and API RP 1110, with no 
leakage or reduction in gage pressure for 4 hours.

3.2.1.3   Flushing

Thoroughly flush piping before placing in operation.  Flush piping, 
including branch piping, at a minimum velocity of 8 feet per second.

3.2.2   Secondary Containment Piping Test

The secondary containment piping system shall undergo a 5 psi minimum 
air-pressure/soap test upon completion of installation to confirm the 
secondary containment integrity.  This testing shall be in compliance with 
the manufacturer's published installation instructions.

3.2.3   Protective Coating Systems

Inspect protective coating systems, with a holiday tester just prior to 
placement in ground.  Holidays revealed shall be promptly repaired.  Steel 
piping coating system shall be given a holiday test with a voltage of 100 
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to 200 times the mil thickness of the coating.

3.2.4   Steel Fuel Oil Storage Tanks

Test tanks for leaks by applying internal air pressure and using soapsuds, 
linseed oil or equivalent material on external welds.  For horizontal 
tanks, test pressure shall be not less than 5 nor more than 7 psig.  For 
vertical tanks, test pressure shall be not less than 1 1/2 psig nor more 
than that pressure which first causes visible deformation of the tank.  
During testing, tank shall be provided with a suitable pressure relief 
device.

3.2.5   Cathodic Protection

Test to prove continuity of electrical connections prior to backfill.

3.2.6   Leak Detection

Test the leak detection monitoring system in accordance with the 
manufacturer's testing procedure.

       -- End of Section --
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      3.1.1.3   Protection of Fixtures, Materials, and Equipment
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  3.2   WATER HEATERS
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      3.7.1.1   Factory Painting Systems
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    3.8.2   Defective Work
    3.8.3   System Flushing
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SECTION 15400

PLUMBING, GENERAL PURPOSE
10/04

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AIR-CONDITIONING AND REFRIGERATION INSTITUTE (ARI)

ARI 1010 (2002 ) Self-Contained, Mechanically 
Refrigerated Drinking-Water Coolers

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)
ANSI Z21.22 (1999; A 2001) Relief Valves for Hot Water 

Supply Systems

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ASHRAE 90.1 (2001; various Errata) Energy Standard for 
Buildings Except Low-Rise Residential 
Buildings

AMERICAN SOCIETY OF SANITARY ENGINEERING (ASSE)

ASSE 1001 (2002) Atmospheric Type Vacuum Breakers

ASSE 1003 (2001) Water Pressure Reducing Valves

ASSE 1005 (1999) Water Heater Drain Valves

ASSE 1010 (2004) Water Hammer Arresters

ASSE 1011 (2004) Hose Connection Vacuum Breakers

ASSE 1012 (2002) Backflow Preventer with 
Intermediate Atmospheric Vent

ASSE 1013 (1999) Reduced Pressure Principle Backflow 
Preventers and Reduced Pressure Fire 
Protection Principle Backflow Preventers

ASSE 1018 (2001) Trap Seal Primer Valves - Potable, 
Water Supplied
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ASSE 1019 (2004) Vacuum Breaker Wall Hydrants, 
Freeze Resistant, Automatic Draining Type

ASSE 1020 (2004) Pressure Vacuum Breaker Assembly

AMERICAN WATER WORKS ASSOCIATION(AWWA)

AWWA 10079 (1998) Standard Methods for the 
Examination of Water and Wastewater

AWWA B300 (1999) Hypochlorites

AWWA B301 (2004) Liquid Chlorine

AWWA C203 (2002; A C203a-99) Coal-Tar Protective 
Coatings and Linings for Steel Water 
Pipelines - Enamel and Tape - Hot-Applied

AWWA C606 (2004) Grooved and Shouldered Joints

AWWA C651 (1999) Disinfecting Water Mains

AWWA C652 (2002) Disinfection of Water-Storage 
Facilities

AWWA C700 (2002) Cold-Water Meters - Displacement 
Type, Bronze Main Case

AWWA C701 (2002) Cold-Water Meters - Turbine Type, 
for Customer Service

AMERICAN WELDING SOCIETY (AWS)

AWS A5.8/A5.8M (2004) Filler Metals for Brazing and Braze 
Welding

AWS B2.2 (1991) Brazing Procedure and Performance 
Qualification

ASME INTERNATIONAL (ASME)

ASME A112.1.2 (2002; R 2004) Air Gaps in Plumbing Systems

ASME A112.14.1 (2003)Backwater Valves

ASME A112.19.2M (2003) Vitreous China Plumbing Fixtures

ASME A112.19.3M (2001) Stainless Steel Fixtures (Designed 
for Residential Use)

ASME A112.21.2M (1983) Roof Drains

ASME A112.36.2M (1991; R 2002) Cleanouts
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ASME A112.6.1M (1997; R 2002) Floor Affixed Supports for 
Off-the-Floor Plumbing Fixtures for Public 
Use

ASME A112.6.3 (2001) Floor and French Drains

ASME B1.20.1 (1983; R 2001) Pipe Threads, General 
Purpose, Inch

ASME B16.12 (1998) Cast Iron Threaded Drainage Fittings

ASME B16.15 (1985; R 2004) Cast Bronze Threaded 
Fittings Classes 125 and 250

ASME B16.18 (2002) Cast Copper Alloy Solder Joint 
Pressure Fittings

ASME B16.21 (1992) Nonmetallic Flat Gaskets for Pipe 
Flanges

ASME B16.22 (2002) Wrought Copper and Copper Alloy 
Solder Joint Pressure Fittings

ASME B16.23 (2002) Cast Copper Alloy Solder Joint 
Drainage Fittings - DWV

ASME B16.24 (2002) Cast Copper Alloy Pipe Flanges and 
Flanged Fittings: Classes 150, 300, 400, 
600, 900, 1500, and 2500

ASME B16.29 (2002) Wrought Copper and Wrought Copper 
Alloy Solder Joint Drainage Fittings - DWV

ASME B16.3 (1998) Malleable Iron Threaded Fittings

ASME B16.34 (1996) Valves Flanged, Threaded, and 
Welding End

ASME B16.39 (1998) Malleable Iron Threaded Pipe Unions

ASME B16.4 (1998) Gray Iron Threaded Fittings

ASME B16.5 (2003) Pipe Flanges and Flanged Fittings

ASME B31.1 (2004) Power Piping

ASME B31.5 (2001) Refrigeration Piping and Heat 
Transfer Components

ASME B40.100 (2000) Pressure Gauges and Gauge 
Attachments

ASME BPVC SEC IX (2001) Boiler and Pressure Vessel Code; 
Section IX, Welding and Brazing 
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Qualifications

ASME CSD-1 (2002) Control and Safety Devices for 
Automatically Fired Boilers

ASTM INTERNATIONAL (ASTM)

ASTM A 105/A 105M (2003) Carbon Steel Forgings for Piping 
Applications

ASTM A 183 (2003) Carbon Steel Track Bolts and Nuts

ASTM A 193/A 193M (2004c) Alloy-Steel and Stainless Steel 
Bolting Materials for High-Temperature 
Service

ASTM A 47/A 47M (1999) Ferritic Malleable Iron Castings

ASTM A 515/A 515M (2003) Pressure Vessel Plates, Carbon 
Steel, for Intermediate- and 
Higher-Temperature Service

ASTM A 516/A 516M (2004) Pressure Vessel Plates, Carbon 
Steel, for Moderate- and Lower-Temperature 
Service

ASTM A 518/A 518M (1999; R 2003) Corrosion-Resistant 
High-Silicon Iron Castings

ASTM A 53/A 53M (2004a) Pipe, Steel, Black and Hot-Dipped, 
Zinc-Coated, Welded and Seamless

ASTM A 536 (1984; R 2004) Ductile Iron Castings

ASTM A 733 (2003) Welded and Seamless Carbon Steel 
and Austenitic Stainless Steel Pipe Nipples

ASTM A 74 (2004a) Cast Iron Soil Pipe and Fittings

ASTM A 888 (2004a) Hubless Cast Iron Soil Pipe and 
Fittings for Sanitary and Storm Drain, 
Waste, and Vent Piping Applications

ASTM B 117 (2002) Operating Salt Spray (Fog) Apparatus

ASTM B 152/B 152M (2000) Copper Sheet, Strip, Plate, and 
Rolled Bar

ASTM B 306 (2002) Copper Drainage Tube (DWV)

ASTM B 32 (2004) Solder Metal

ASTM B 370 (2003) Copper Sheet and Strip for Building 
Construction
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ASTM B 42 (2002e1) Seamless Copper Pipe, Standard 
Sizes

ASTM B 43 (1998; R 2004) Seamless Red Brass Pipe, 
Standard Sizes

ASTM B 584 (2004) Copper Alloy Sand Castings for 
General Applications

ASTM B 75 (2002) Seamless Copper Tube

ASTM B 813 (2000e1) Liquid and Paste Fluxes for 
Soldering of Copper and Copper Alloy Tube

ASTM B 828 (2002) Making Capillary Joints by 
Soldering of Copper and Copper Alloy Tube 
and Fittings

ASTM B 88 (2003) Seamless Copper Water Tube

ASTM B 88M (2003) Seamless Copper Water Tube (Metric)

ASTM C 1053 (2000) Borosilicate Glass Pipe and 
Fittings for Drain, Waste, and Vent (DWV) 
Applications

ASTM C 564 (2003a) Rubber Gaskets for Cast Iron Soil 
Pipe and Fittings

ASTM C 920 (2002) Elastomeric Joint Sealants

ASTM D 1785 (2004a) Poly(Vinyl Chloride)(PVC) Plastic 
Pipe, Schedules 40, 80, and 120

ASTM D 2000 (2003ae1) Rubber Products in Automotive 
Applications

ASTM D 2235 (20041) Solvent Cement for 
Acrylonitrile-Butadiene-Styrene (ABS) 
Plastic Pipe and Fittings

ASTM D 2239 (2003) Polyethylene (PE) Plastic Pipe 
(SIDR-PR) Based on Controlled Inside 
Diameter

ASTM D 2241 (2004b) Poly(Vinyl Chloride) (PVC) 
Pressure-Rated Pipe (SDR Series)

ASTM D 2447 (2003) Polyethylene (PE) Plastic Pipe, 
Schedules 40 and 80, Based on Outside 
Diameter

ASTM D 2464 (1999e1) Threaded Poly(Vinyl Chloride) 

SECTION 15400  Page 9



Air Traffic Control Tower, Offutt AFB, NE OF33

(PVC) Plastic Pipe Fittings, Schedule 80

ASTM D 2466 (2002) Poly(Vinyl Chloride)(PVC) Plastic 
Pipe Fittings, Schedule 40

ASTM D 2467 (2004e1) Poly(Vinyl Chloride) (PVC) 
Plastic Pipe Fittings, Schedule 80

ASTM D 2564 (2004) Solvent Cements for Poly(Vinyl 
Chloride) (PVC) Plastic Piping Systems

ASTM D 2661 (2002) Acrylonitrile-Butadiene-Styrene 
(ABS) Schedule 40 Plastic Drain, Waste, 
and Vent Pipe and Fittings

ASTM D 2665 (2004a) Poly(Vinyl Chloride) (PVC) Plastic 
Drain, Waste, and Vent Pipe and Fittings

ASTM D 2672 (1996a; R 2003) Joints for IPS PVC Pipe 
Using Solvent Cement

ASTM D 2683 (2004) Socket-Type Polyethylene Fittings 
for Outside Diameter-Controlled 
Polyethylene Pipe and Tubing

ASTM D 2737 (2003) Polyethylene (PE) Plastic Tubing

ASTM D 2822 (1991; R 1997e1) Asphalt Roof Cement

ASTM D 2846/D 2846M (1999e1) Chlorinated Poly(Vinyl Chloride) 
(CPVC) Plastic Hot- and Cold-Water 
Distribution Systems

ASTM D 2855 (1996; R 2002) Making Solvent-Cemented 
Joints with Poly(Vinyl Chloride) (PVC) 
Pipe and Fittings

ASTM D 2996 (2001) Filament-Wound "Fiberglass" 
(Glass-Fiber-Reinforced 
Thermosetting-Resin) Pipe

ASTM D 3035 (2003a) Polyethylene (PE) Plastic Pipe 
(DR-PR) Based on Controlled Outside 
Diameter

ASTM D 3122 (1995; R 2002) Solvent Cements for 
Styrene-Rubber (SR) Plastic Pipe and 
Fittings

ASTM D 3138 (2004) Solvent Cements for Transition 
Joints Between 
Acrylonitrile-Butadiene-Styrene (ABS) and 
Poly(Vinyl Chloride) (PVC) Non-Pressure 
Piping Components

SECTION 15400  Page 10



Air Traffic Control Tower, Offutt AFB, NE OF33

ASTM D 3139 (1998) Joints for Plastic Pressure Pipes 
Using Flexible Elastomeric Seals

ASTM D 3212 (1996a; R 2003) Joints for Drain and Sewer 
Plastic Pipes Using Flexible Elastomeric 
Seals

ASTM D 3261 (2003) Butt Heat Fusion Polyethylene (PE) 
Plastic Fittings for Polyethylene (PE) 
Plastic Pipe and Tubing

ASTM D 3308 (2001) PTFE Resin Skived Tape

ASTM D 3311 (2002e1) Drain, Waste, and Vent (DWV) 
Plastic Fittings Patterns

ASTM D 4101 (2004a) Polypropylene Injection and 
Extrusion Materials

ASTM E 1 (2003a) ASTM Thermometers

ASTM F 1760 (2001) Coextruded Poly(Vinyl Chloride) 
(PVC) Non-Pressure Plastic Pipe Having 
Reprocessed-Recycled Content

ASTM F 437 (1999) Threaded Chlorinated Poly(Vinyl 
Chloride) (CPVC) Plastic Pipe Fittings, 
Schedule 80

ASTM F 438 (2004) Socket-Type Chlorinated Poly(Vinyl 
Chloride) (CPVC) Plastic Pipe Fittings, 
Schedule 40

ASTM F 439 (2002e1) Chlorinated Poly(Vinyl Chloride) 
(CPVC) Plastic Pipe Fittings, Schedule 80

ASTM F 441/F 441M (1999e1) Chlorinated Poly(Vinyl Chloride) 
(CPVC) Plastic Pipe, Schedules 40 and 80

ASTM F 442/F 442M (1999) Chlorinated Poly(Vinyl Chloride) 
(CPVC) Plastic Pipe (SDR-PR)

ASTM F 477 (2002e1) Elastomeric Seals (Gaskets) for 
Joining Plastic Pipe

ASTM F 493 (2004) Solvent Cements for Chlorinated 
Poly(Vinyl Chloride) (CPVC) Plastic Pipe 
and Fittings

ASTM F 628 (2001) Acrylonitrile-Butadiene-Styrene 
(ABS) Schedule 40 Plastic Drain, Waste, 
and Vent Pipe with a Cellular Core
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ASTM F 877 (2002a) Crosslinked Polyethylene (PEX) 
Plastic Hot- and Cold- Water Distribution 
Systems

ASTM F 891 (2004) Coextruded Poly (Vinyl Chloride) 
(PVC) Plastic Pipe with a Cellular Core

CAST IRON SOIL PIPE INSTITUTE (CISPI)

CISPI 301 (2004) Hubless Cast Iron Soil Pipe and 
Fittings for Sanitary and Storm Drain, 
Waste, and Vent Piping Applications

CISPI 310 (2004) Coupling for Use in Connection with 
Hubless Cast Iron Soil Pipe and Fittings 
for Sanitary and Storm Drain, Waste, and 
Vent Piping Applications

COPPER DEVELOPMENT ASSOCIATION (CDA)

CDA A4015 (1994; R 1995) Copper Tube Handbook

FOUNDATION FOR CROSS-CONNECTION CONTROL AND HYDRAULIC RESEARCH 
(FCCCHR)

FCCCHR Manual (9th Edition) Manual of Cross-Connection 
Control

INTERNATIONAL CODE COUNCIL (ICC)

ICC A117.1 (1998) Accessible and Usable Buildings and 
Facilities

ICC IPC (2003)International Plumbing Code

INDUSTRIAL SAFETY EQUIPMENT ASSOCIATION

ISEA Z358.1 (1998) Emergency Eyewash and Shower 
Equipment

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-110 (1996) Ball Valves Threaded, 
Socket-Welding, Solder Joint, Grooved and 
Flared Ends

MSS SP-25 (1998) Standard Marking System for Valves, 
Fittings, Flanges and Unions

MSS SP-44 (1996; R 2001) Steel Pipeline Flanges

MSS SP-58 (2002) Pipe Hangers and Supports - 
Materials, Design and Manufacture
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MSS SP-67 (2002) Butterfly Valves

MSS SP-69 (2002) Pipe Hangers and Supports - 
Selection and Application

MSS SP-70 (1998) Cast Iron Gate Valves, Flanged and 
Threaded Ends

MSS SP-71 (1997) Gray Iron Swing Check Valves, 
Flanged and Threaded Ends

MSS SP-72 (1999) Ball Valves with Flanged or 
Butt-Welding Ends for General Service

MSS SP-73 (2003) Brazing Joints for Copper and 
Copper Alloy Pressure Fittings

MSS SP-78 (1998) Cast Iron Plug Valves, Flanged and 
Threaded Ends

MSS SP-80 (2003) Bronze Gate, Globe, Angle and Check 
Valves

MSS SP-83 (2001) Class 3000 Steel Pipe Unions, 
Socket-Welding and Threaded

MSS SP-85 (2002) Cast Iron Globe & Angle Valves, 
Flanged and Threaded Ends

NACE INTERNATIONAL (NACE)

NACE RP0169 (2002) Control of External Corrosion on 
Underground or Submerged Metallic Piping 
Systems

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2003) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 90A (2002) Installation of Air Conditioning 
and Ventilating Systems

NSF INTERNATIONAL (NSF)

NSF 14 (2003) Plastics Piping System Components 
and Related Materials

NSF 61 (2003e) Drinking Water System Components - 
Health Effects
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PLASTIC PIPE AND FITTINGS ASSOCIATION (PPFA)

PPFA-01 (1998) Plastic Pipe in Fire Resistive 
Construction

PLUMBING AND DRAINAGE INSTITUTE (PDI)

PDI WH 201 (1992) Water Hammer Arresters

SOCIETY OF AUTOMOTIVE ENGINEERS INTERNATIONAL (SAE)

SAE J1508 (1997) Hose Clamp Specifications

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

10 CFR 430 Energy Conservation Program for Consumer 
Products

40 CFR 50.12 National Primary and Secondary Ambient Air 
Quality Standards for Lead

PL 93-523 (1974; A 1999) Safe Drinking Water Act

UNDERWRITERS LABORATORIES (UL)

UL 174 (1996; Rev thru Oct 1999) Household 
Electric Storage Tank Water Heaters

UL 430 (1994; Rev thru Mar 2001) Waste Disposers

UL 499 (1997; R 2002) Electric Heating Appliances

UNIFORM PLUMBING CODE (UPC)

UPC (2003) Uniform Plumbing Code

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only or as 
otherwise designated.  When used, a designation following the "G" 
designation identifies the office that will review the submittal for the 
Government.  The following shall be submitted in accordance with Section 
01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Plumbing System

  Detail drawings consisting of schedules, performance charts, 
instructions, diagrams, and other information to illustrate the 
requirements and operations of systems that are not covered by the 
Plumbing Code..  Detail drawings for the complete plumbing system 
including piping layouts and locations of connections; dimensions 
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for roughing-in, foundation, and support points; schematic 
diagrams and wiring diagrams or connection and interconnection 
diagrams.  Detail drawings shall indicate clearances required for 
maintenance and operation.  Where piping and equipment are to be 
supported other than as indicated, details shall include loadings 
and proposed support methods.  Mechanical drawing plans, 
elevations, views, and details, shall be drawn to scale.

SD-03 Product Data

Flush valve water closets; G-AE

Flush valve urinals; G-AE

Flush tank water closets; G-AE

Wall hung lavatories; G-AE

Kitchen sinks; G-AE

Service sinks; G-AE

Drinking-water coolers; G-AE

Water heaters; G-AE

Pumps; G-AE

Backflow prevention assemblies

Shower Faucets; G-AE

Welding

  A copy of qualified procedures and a list of names and 
identification symbols of qualified welders and welding operators.

Plumbing System

  Diagrams, instructions, and other sheets proposed for posting.  
Manufacturer's recommendations for the installation of bell and 
spigot and hubless joints for cast iron soil pipe.

SD-06 Test Reports

Tests, Flushing and Disinfection

  Test reports in booklet form showing all field tests performed 
to adjust each component and all field tests performed to prove 
compliance with the specified performance criteria, completion and 
testing of the installed system.  Each test report shall indicate 
the final position of controls.

Test of Backflow Prevention Assemblies.
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  Certification of proper operation shall be as accomplished in 
accordance with state regulations by an individual certified by 
the state to perform such tests.  If no state requirement exists, 
the Contractor shall have the manufacturer's representative test 
the device, to ensure the unit is properly installed and 
performing as intended.  The Contractor shall provide written 
documentation of the tests performed and signed by the individual 
performing the tests.

SD-07 Certificates

Materials and Equipment

  Where equipment is specified to conform to requirements of the ASME 
Boiler and Pressure Vessel Code, the design, fabrication, and 
installation shall conform to the code.

Bolts

  Written certification by the bolt manufacturer that the bolts 
furnished comply with the specified requirements.

SD-10 Operation and Maintenance Data

Plumbing System.

Submit in accordance with Section 01781, "Operation and 
Maintenance Data."

1.3   STANDARD PRODUCTS

Specified materials and equipment shall be standard products of a 
manufacturer regularly engaged in the manufacture of such products.  
Specified equipment shall essentially duplicate equipment that has 
performed satisfactorily at least two years prior to bid opening.  Standard 
products shall have been in satisfactory commercial or industrial use for 2 
years prior to bid opening.  The 2-year use shall include applications of 
equipment and materials under similar circumstances and of similar size.  
The product shall have been for sale on the commercial market through 
advertisements, manufacturers' catalogs, or brochures during the 2 year 
period.

1.3.1   Alternative Qualifications

Products having less than a two-year field service record will be 
acceptable if a certified record of satisfactory field operation for not 
less than 6000 hours, exclusive of the manufacturer's factory or laboratory 
tests, can be shown.

1.3.2   Service Support

The equipment items shall be supported by service organizations.  Submit a 
certified list of qualified permanent service organizations for support of 
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the equipment which includes their addresses and qualifications.  These 
service organizations shall be reasonably convenient to the equipment 
installation and able to render satisfactory service to the equipment on a 
regular and emergency basis during the warranty period of the contract.

1.3.3   Manufacturer's Nameplate

Each item of equipment shall have a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.

1.3.4   Modification of References

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction", or words of 
similar meaning, to mean the Contracting Officer.

1.3.4.1   Definitions

For the International Code Council (ICC) Codes referenced in the contract 
documents, advisory provisions shall be considered mandatory, the word 
"should" shall be interpreted as "shall."  Reference to the "code official" 
shall be interpreted to mean the "Contracting Officer."  For Navy owned 
property, references to the "owner" shall be interpreted to mean the 
"Contracting Officer."  For leased facilities, references to the "owner" 
shall be interpreted to mean the "lessor."  References to the "permit 
holder" shall be interpreted to mean the "Contractor."

1.3.4.2   Administrative Interpretations

For ICC Codes referenced in the contract documents, the provisions of 
Chapter 1, "Administrator," do not apply.  These administrative 
requirements are covered by the applicable Federal Acquisition Regulations 
(FAR) included in this contract and by the authority granted to the Officer 
in Charge of Construction to administer the construction of this project.  
References in the ICC Codes to sections of Chapter 1, shall be applied 
appropriately by the Contracting Officer as authorized by his 
administrative cognizance and the FAR.

1.4   DELIVERY, STORAGE, AND HANDLING

Handle, store, and protect equipment and materials to prevent damage before 
and during installation in accordance with the manufacturer's 
recommendations, and as approved by the Contracting Officer.  Replace 
damaged or defective items.

1.5   PERFORMANCE REQUIREMENTS

1.5.1   Welding

Piping shall be welded in accordance with qualified procedures using 
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performance-qualified welders and welding operators.  Procedures and 
welders shall be qualified in accordance with ASME BPVC SEC IX.  Welding 
procedures qualified by others, and welders and welding operators qualified 
by another employer, may be accepted as permitted by ASME B31.1.  The 
Contracting Officer shall be notified 24 hours in advance of tests, and the 
tests shall be performed at the work site if practicable.  Welders or 
welding operators shall apply their assigned symbols near each weld they 
make as a permanent record.  Structural members shall be welded.

1.6   REGULATORY REQUIREMENTS

Unless otherwise required herein, plumbing work shall be in accordance with 
ICC IPC.

1.7   PROJECT/SITE CONDITIONS

The Contractor shall become familiar with details of the work, verify 
dimensions in the field, and advise the Contracting Officer of any 
discrepancy before performing any work.

1.8   INSTRUCTION TO GOVERNMENT PERSONNEL

When specified in other sections, furnish the services of competent 
instructors to give full instruction to the designated Government personnel 
in the adjustment, operation, and maintenance, including pertinent safety 
requirements, of the specified equipment or system.  Instructors shall be 
thoroughly familiar with all parts of the installation and shall be trained 
in operating theory as well as practical operation and maintenance work.

Instruction shall be given during the first regular work week after the 
equipment or system has been accepted and turned over to the Government for 
regular operation.  The number of man-days (8 hours per day) of instruction 
furnished shall be as specified in the individual section.  When more than 
4 man-days of instruction are specified, use approximately half of the time 
for classroom instruction.  Use other time for instruction with the 
equipment or system.

When significant changes or modifications in the equipment or system are 
made under the terms of the contract, provide additional instruction to 
acquaint the operating personnel with the changes or modifications.

1.9   ACCESSIBILITY OF EQUIPMENT

Install all work so that parts requiring periodic inspection, operation, 
maintenance, and repair are readily accessible.  Install concealed valves, 
expansion joints, controls, dampers, and equipment requiring access, in 
locations freely accessible through access doors.

PART 2   PRODUCTS

2.1   MATERIALS

Materials for various services shall be in accordance with TABLES I and II. 
 Pipe schedules shall be selected based on service requirements.  Pipe 

SECTION 15400  Page 18



Air Traffic Control Tower, Offutt AFB, NE OF33

fittings shall be compatible with the applicable pipe materials.  Plastic 
pipe, fittings, and solvent cement shall meet NSF 14 and shall be NSF 
listed for the service intended.  Plastic pipe, fittings, and solvent 
cement used for potable hot and cold water service shall bear the NSF seal 
"NSF-PW."  Polypropylene pipe and fittings shall conform to dimensional 
requirements of Schedule 40, Iron Pipe size.  Pipe threads (except dry 
seal) shall conform to ASME B1.20.1.  Grooved pipe couplings and fittings 
shall be from the same manufacturer.  Material or equipment containing lead 
shall not be used in any potable water system.  In line devices such as 
water meters, building valves, check valves, meter stops, valves, fittings 
and back flow preventers shall comply with PL 93-523 and NSF 61, Section 8. 
 End point devices such as drinking water fountains, lavatory faucets, 
kitchen and bar faucets, residential ice makers, supply stops and end point 
control valves used to dispense water for drinking must meet the 
requirements of NSF 61, Section 9.  Hubless cast-iron soil pipe shall not 
be installed underground, under concrete floor slabs, or in crawl spaces 
below kitchen floors.  Plastic pipe shall not be installed in air plenums.  
Plastic pipe shall not be installed in a pressure piping system in 
buildings greater than three stories including any basement levels.

2.1.1   Pipe Joint Materials

Grooved pipe and hubless cast-iron soil pipe shall not be used under 
ground.  Cast iron soil pipe and fittings shall be marked with the 
collective trademark of the Cast Iron Soil Institute.  Joints and gasket 
materials shall conform to the following:

a.  Coupling for Cast-Iron Pipe:  for hub and spigot type ASTM A 74, 
AWWA C606.  For hubless type:  CISPI 310

b.  Coupling for Steel Pipe:  AWWA C606.

c.  Couplings for Grooved Pipe:  Ductile Iron ASTM A 536 (Grade 
65-45-12) Malleable Iron ASTM A 47/A 47M, Grade 32510.  Copper 
ASTM A 536.

d.  Flange Gaskets:  Gaskets shall be made of non-asbestos material in 
accordance with ASME B16.21.  Gaskets shall be flat,  1/16 inch 
thick, and contain Aramid fibers bonded with Styrene Butadiene 
Rubber (SBR) or Nitro Butadiene Rubber (NBR).  Gaskets shall be 
the full face or self centering flat ring type.  Gaskets used for 
hydrocarbon service shall be bonded with NBR.

f.  Brazing Material:  Brazing material shall conform to AWS A5.8/A5.8M, 
BCuP-5.

g.  Brazing Flux:  Flux shall be in paste or liquid form appropriate 
for use with brazing material.  Flux shall be as follows:  
lead-free; have a 100 percent flushable residue; contain slightly 
acidic reagents; contain potassium borides; and contain fluorides.

h.  Solder Material:  Solder metal shall conform to ASTM B 32.

i.  Solder Flux:  Flux shall be liquid form, non-corrosive, and 
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conform to ASTM B 813, Standard Test 1.

j.  PTFE Tape:  PTFE Tape, for use with Threaded Metal or Plastic 
Pipe, ASTM D 3308.

k.  Rubber Gaskets for Cast-Iron Soil-Pipe and Fittings (hub and 
spigot type and hubless type):  ASTM C 564.

l.  Rubber Gaskets for Grooved Pipe:  ASTM D 2000, maximum temperature 
 230 degrees F.

m.  Flexible Elastomeric Seals:  ASTM D 3139, ASTM D 3212 or ASTM F 477.

n.  Bolts and Nuts for Grooved Pipe Couplings:  Heat-treated carbon 
steel, ASTM A 183.

o.  Solvent Cement for Transition Joints between ABS and PVC 
Nonpressure Piping Components:  ASTM D 3138.

p.  Plastic Solvent Cement for ABS Plastic Pipe:  ASTM D 2235.

q.  Plastic Solvent Cement for PVC Plastic Pipe:  ASTM D 2564 and ASTM 
D 2855.

r.  Plastic Solvent Cement for CPVC Plastic Pipe:  ASTM F 493.

s.  Flanged fittings including flanges, bolts, nuts, bolt patterns, 
etc., shall be in accordance with ASME B16.5 class 150 and shall 
have the manufacturer's trademark affixed in accordance with MSS 
SP-25.  Flange material shall conform to ASTM A 105/A 105M.  Blind 
flange material shall conform to ASTM A 516/A 516M cold service 
and ASTM A 515/A 515M for hot service.  Bolts shall be high 
strength or intermediate strength with material conforming to ASTM 
A 193/A 193M.

t.  Plastic Solvent Cement for Styrene Rubber Plastic Pipe:  ASTM D 
3122.

2.1.2   Miscellaneous Materials

Miscellaneous materials shall conform to the following:

a.  Water Hammer Arrester:  PDI WH 201.  Water hammer arrester shall 
be diaphram type.

b.  Copper, Sheet and Strip for Building Construction:  ASTM B 370.

c.  Asphalt Roof Cement:  ASTM D 2822.

d.  Hose Clamps:  SAE J1508.

e.  Supports for Off-The-Floor Plumbing Fixtures:  ASME A112.6.1M.

f.  Metallic Cleanouts:  ASME A112.36.2M.
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g.  Plumbing Fixture Setting Compound:  A preformed flexible ring seal 
molded from hydrocarbon wax material.  The seal material shall be 
nonvolatile nonasphaltic and contain germicide and provide 
watertight, gastight, odorproof and verminproof properties.

h.  Coal-Tar Protective Coatings and Linings for Steel Water Pipelines:

AWWA C203.

i.  Hypochlorites:  AWWA B300.

j.  Liquid Chlorine:  AWWA B301.

k.  Gauges - Pressure and Vacuum Indicating Dial Type - Elastic 
Element:  ASME B40.100.

l.  Thermometers:  ASTM E 1.  Mercury shall not be used in 
thermometers.

2.2   PIPE HANGERS, INSERTS, AND SUPPORTS

Pipe hangers, inserts, and supports shall conform to MSS SP-58 and MSS SP-69.

2.3   VALVES

Valves shall be provided on supplies to equipment and fixtures.  Valves  
2-1/2 inches and smaller shall be bronze with threaded bodies for pipe and 
solder-type connections for tubing.  Valves  3 inches and larger shall have 
flanged iron bodies and bronze trim.  Pressure ratings shall be based upon 
the application.  Grooved end valves may be provided if the manufacturer 
certifies that the valves meet the performance requirements of applicable 
MSS standard.  Valves shall conform to the following standards:

Description                                       Standard

Butterfly Valves                                MSS SP-67

Cast-Iron Gate Valves, Flanged and 
Threaded Ends                                   MSS SP-70

Cast-Iron Swing Check Valves, Flanged and
Threaded Ends                                   MSS SP-71

Ball Valves with Flanged Butt-Welding Ends 
for General Service                             MSS SP-72

Ball Valves Threaded, Socket-Welding,
Solder Joint, Grooved and Flared Ends           MSS SP-110

Cast-Iron Plug Valves, Flanged and              MSS SP-78
Threaded Ends

Bronze Gate, Globe, Angle, and Check Valves     MSS SP-80
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Description                                       Standard

Steel Valves, Socket Welding and Threaded Ends  ASME B16.34

Cast-Iron Globe and Angle Valves, Flanged and   MSS SP-85
Threaded Ends

Backwater Valves                                ASME A112.14.1

Vacuum Relief Valves                            ANSI Z21.22

Water Pressure Reducing Valves                  ASSE 1003

Water Heater Drain Valves                       ASSE 1005

Trap Seal Primer Valves                         ASSE 1018

Temperature and Pressure Relief Valves          ANSI Z21.22
for Hot Water Supply Systems

Temperature and Pressure Relief Valves          ASME CSD-1
for Automatically Fired Hot
Water Boilers                                   Safety Code No., Part CW,
                                                Article 5

2.3.1   Wall Hydrants (Frostproof)

ASSE 1019 with vacuum-breaker backflow preventer shall have a nickel-brass 
or nickel-bronze wall plate or flange with nozzle and detachable key 
handle.  A brass or bronze operating rod shall be provided within a 
galvanized iron casing of sufficient length to extend through the wall so 
that the valve is inside the building, and the portion of the hydrant 
between the outlet and valve is self-draining.  A brass or bronze valve 
with coupling and union elbow having metal-to-metal seat shall be provided. 
 Valve rod and seat washer shall be removable through the face of the 
hydrant.  The hydrant shall have  3/4 inch exposed hose thread on spout and 
 3/4 inch male pipe thread on inlet.

2.3.2   Relief Valves

Water heaters and hot water storage tanks shall have a combination pressure 
and temperature (P&T) relief valve.  The pressure relief element of a P&T 
relief valve shall have adequate capacity to prevent excessive pressure 
buildup in the system when the system is operating at the maximum rate of 
heat input.  The temperature element of a P&T relief valve shall have a 
relieving capacity which is at least equal to the total input of the 
heaters when operating at their maximum capacity.  Relief valves shall be 
rated according to ANSI Z21.22.  Relief valves for systems where the 
maximum rate of heat input is less than  200,000 Btuh shall have  3/4 inch 
minimum inlets, and  3/4 inch outlets.  Relief valves for systems where the 
maximum rate of heat input is greater than 200,000 Btuh shall have  1 inch 
minimum inlets, and  1 inch outlets.  The discharge pipe from the relief 
valve shall be the size of the valve outlet.

SECTION 15400  Page 22



Air Traffic Control Tower, Offutt AFB, NE OF33

2.3.3   Thermostatic Mixing Valves

Mixing valves, thermostatic type, pressure-balanced or combination 
thermostatic and pressure-balanced shall be line size and shall be 
constructed with rough or finish bodies either with or without plating.  
Each valve shall be constructed to control the mixing of hot and cold water 
and to deliver water at a desired temperature regardless of pressure or 
input temperature changes.  The control element shall be of an approved 
type.  The body shall be of heavy cast bronze, and interior parts shall be 
brass, bronze, corrosion-resisting steel or copper.  The valve shall be 
equipped with necessary stops, check valves, unions, and sediment strainers 
on the inlets.  Mixing valves shall maintain water temperature within  5 
degrees F of any setting.

2.4   FIXTURES

Fixtures shall be water conservation type, in accordance with ICC IPC.  
Fixtures for use by the physically handicapped shall be in accordance with 
ICC A117.1.  Vitreous china, nonabsorbent, hard-burned, and vitrified 
throughout the body shall be provided.  Porcelain enameled ware shall have 
specially selected, clear white, acid-resisting enamel coating evenly 
applied on surfaces.  No fixture will be accepted that shows cracks, 
crazes, blisters, thin spots, or other flaws.  Fixtures shall be equipped 
with appurtenances such as traps, faucets, stop valves, and drain fittings. 
 Each fixture and piece of equipment requiring connections to the drainage 
system, except grease interceptors, shall be equipped with a trap.  Brass 
expansion or toggle bolts capped with acorn nuts shall be provided for 
supports, and polished chromium-plated pipe, valves, and fittings shall be 
provided where exposed to view.  Fixtures with the supply discharge below 
the rim shall be equipped with backflow preventers.  Internal parts of 
flush and/or flushometer valves, shower mixing valves, shower head face 
plates shall be copper alloy with all visable surfaces chrome plated.

2.4.1   Lavatories

 Vitreous china lavatories shall be provided with two integral molded lugs 
on the back-underside of the fixture and drilled for bolting to the wall in 
a manner similar to the hanger plate.

2.4.2   Automatic Flushing System

Flushing system shall consist of solenoid-activated flush valve with light 
beam sensor.  Flush valve for urnial shall include an override pushbutton.  
Flushing devices shall be provided as described in paragraph FIXTURES AND 
FIXTURE TRIMMINGS.

2.4.3   Flush Valve Urinals; Mark UR-1

ASME A112.19.2M, white vitreous china, wall-mounted, wall outlet, siphon 
jet, integral trap, and extended side shields.  Provide urinal with the rim 
17 inches above the floor.  Water flushing volume of the urinal and flush 
valve combination shall not exceed 1.0 gallons per flush.  Provide ASME 
A112.6.1M concealed chair carriers with vertical steel pipe supports.  
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Provide large diameter flush valve including angle control-stop valve, 
vacuum breaker, tail pieces, slip nuts, and wall plates; exposed to view 
components shall be chromium-plated or polished stainless steel.  Flush 
valves shall be nonhold-open type.  Mount flush valves not less than 11 
inches above the fixture.  

2.4.4   Flush Tank Water Closets; Mark WC-1

ASME A112.19.2M, white vitreous china, siphon jet, round bowl, pressure 
assisted, floor-mounted, floor outlet.  Top of toilet seat height above 
floor shall be 14 to 15 inches for  water closets.  Nonfloat swing type 
flush tank valves are not acceptable.  Provide wax bowl ring including 
plastic sleeve.  Water flushing volume of the water closet shall not exceed 
1.6 gallons per flush.  Provide white solid plastic round closed-front seat 
with cover.

2.4.5   Undercounter Lavatory; Mark L-1

19" x 16" white vitreous china with unglazed rim, rear overflow, undermount 
installation kit and counter mounted centerset faucet, grid drain, supply 
stops and tailpiece.

2.4.6   Wall Hung Lavatories; Mark L-2

ASME A112.19.2M, white vitreous china, straight back type, minimum 
dimensions of 19 inches, wide by 17 inches front to rear, with supply 
openings for use with top mounted centerset faucets, and openings for 
concealed arm carrier installation.  Provide ASME A112.6.1M concealed chair 
carriers with vertical steel pipe supports and concealed arms for the 
lavatory.  Mount lavatory with the front rim 34 inches above floor and with 
29 inches minimum clearance from bottom of the front rim to floor.  

2.4.7   Kitchen Sinks; Mark SK-1

ASME A112.19.3M, 20 gage stainless steel with integral mounting rim for 
flush installation, minimum dimensions of 25 inches wide by 21 inches front 
to rear, single compartment, with undersides fully sound deadened, with 
supply openings for use with top mounted washerless sink faucets with hose 
spray, and with 3.5 inch drain outlet.  Provide stainless steel drain 
outlets and stainless steel cup strainers.  Provide separate 1.5 inch 
P-trap and drain piping to vertical vent piping. Provide top mounted 
washerless sink faucets with hose spray.  Provide UL 430 waste disposer.

2.4.8   Cab Sink; Mark SK-2

18 gauge type 304 stainless steel self-rim sink with restricted swing spout 
faucet, flexi guard bubbler, basket strainer and supply stops.

2.4.9   Remote Drinking-Water Coolers

ARI 1010 with more than a single thickness of metal between the potable 
water and the refrigerant in the heat exchanger, wall-hung, air-cooled 
condensing unit, 1/2 gph minimum capacity, and steel cabinet.  B
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2.4.10   Precast Terrazzo Mop Sinks; Mark MS-1

Terrazzo shall be made of marble chips cast in white portland cement to 
produce 3000 psi minimum compressive strength 7 days after casting.  
Provide floor or wall outlet copper alloy body drain cast integral with 
terrazzo, with polished stainless steel strainers.

2.4.11   Emergency Eyewash and Shower; Mark ESE-1

ISEA Z358.1, floor supported free standing unit.  Provide deluge shower 
head, stay-open ball valve operated by pull rod and ring or triangular 
handle.  Provide eyewash and stay-open ball valve operated by foot treadle 
or push handle.  Provide with enclosure.

2.4.12   Shower; Mark SH-1

Provide single control pressure equalizing shower faucet with body mounted 
from behind the wall with threaded connections.  Provide ball joint 
self-cleaning shower heads.  Provide shower heads which delever a maximun 
of 2.2 GPM at 80 PSI per Energy Star requirements.  Provide tubing mounted 
from behind the wall between faucet and shower head.  Provide separate 
globe valves or angle valves with union connections in each supply to 
faucet.  

Provide fiberglass shower enclosure - 36" x 36" x 76" high one piece shower 
stall.  Install shower stall in accordance with the manufacturers written 
instructions.  Finish installation by covering shower stall attachment 
flange with drywall.  Provide smooth 100 percent silcone rubber calk 
between the top side and bottom of shower stall.

2.5   BACKFLOW PREVENTERS

Backflow preventers shall be approved and listed by the Foundation For 
Cross-Connection Control & Hydraulic Research.  Reduced pressure principle 
assemblies, double check valve assemblies, atmospheric (nonpressure) type 
vacuum breakers, and pressure type vacuum breakers shall be tested, 
approved, and listed in accordance with FCCCHR Manual.  Backflow preventers 
with intermediate atmospheric vent shall conform to ASSE 1012.  Reduced 
pressure principle backflow preventers shall conform to ASSE 1013.  Hose 
connection vacuum breakers shall conform to ASSE 1011.  Pipe applied 
atmospheric type vacuum breakers shall conform to ASSE 1001.  Pressure 
vacuum breaker assembly shall conform to ASSE 1020.  Air gaps in plumbing 
systems shall conform to ASME A112.1.2.

2.6   DRAINS

2.6.1   Floor and Shower Drains

Floor and shower drains shall consist of a galvanized body, integral 
seepage pan, and adjustable perforated or slotted chromium-plated bronze, 
nickel-bronze, or nickel-brass strainer, consisting of grate and threaded 
collar.  Floor drains shall be cast iron except where metallic 
waterproofing membrane is installed.  Drains shall be of double drainage 
pattern for embedding in the floor construction.  The seepage pan shall 
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have weep holes or channels for drainage to the drainpipe.  The strainer 
shall be adjustable to floor thickness.  A clamping device for attaching 
flashing or waterproofing membrane to the seepage pan without damaging the 
flashing or waterproofing membrane shall be provided when required.  Drains 
shall be provided with threaded connection.  Between the drain outlet and 
waste pipe, a neoprene rubber gasket conforming to ASTM C 564 may be 
installed, provided that the drain is specifically designed for the rubber 
gasket compression type joint.  Floor and shower drains shall conform to 
ASME A112.6.3.  Provide drain with trap primer connection, trap primer, and 
connection piping.  Primer shall meet ASSE 1018.

2.6.2   Area Drains

Area drains shall be plain pattern with polished stainless steel perforated 
or slotted grate and bottom outlet.  The drain shall be circular or square 
with a  12 inch nominal overall width or diameter and  10 inch nominal 
overall depth.  Drains shall be cast iron with manufacturer's standard 
coating.  Grate shall be easily lifted out for cleaning.  Outlet shall be 
suitable for inside caulked connection to drain pipe.  Drains shall conform 
to ASME A112.6.3.

2.6.3   Floor Sinks

Floor sinks shall be circular , with  12 inch nominal overall width or 
diameter and  10 inch nominal overall depth.  Floor sink shall have an 
acid-resistant enamel interior finish with cast-iron body, aluminum 
sediment bucket, and perforated grate of cast iron in industrial areas and 
stainless steel in finished areas.  The outlet pipe size shall be as 
indicated or of the same size as the connecting pipe.

2.6.4   Boiler Room Drains

Boiler room drains shall have combined drain and trap, hinged grate, 
removable bucket, and threaded brass cleanout with brass backwater valve.  
The removable galvanized cast-iron sediment bucket shall have rounded 
corners to eliminate fouling and shall be equipped with hand grips.  Drain 
shall have a minimum water seal of  4 inches.  The grate area shall be not 
less than  100 square inches.

2.6.5   Roof Drains and Expansion Joints

Roof drains shall conform to ASME A112.21.2M, with dome and integral 
flange, and shall have a device for making a watertight connection between 
roofing and flashing.  The whole assembly shall be galvanized heavy pattern 
cast iron.  For aggregate surface roofing, the drain shall be provided with 
a gravel stop.  On roofs other than concrete construction, roof drains 
shall be complete with underdeck clamp, sump receiver, and an extension for 
the insulation thickness where applicable.  A clamping device for attaching 
flashing or waterproofing membrane to the seepage pan without damaging the 
flashing or membrane shall be provided when required to suit the building 
construction.  Strainer openings shall have a combined area equal to twice 
that of the drain outlet.  The outlet shall be equipped to make a proper 
connection to threaded pipe of the same size as the downspout.  An 
expansion joint of proper size to receive the conductor pipe shall be 
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provided.  The expansion joint shall consist of a heavy cast-iron housing, 
brass or bronze sleeve, brass or bronze fastening bolts and nuts, and 
gaskets or packing.  The sleeve shall have a nominal thickness of not less 
than  0.134 inch.  Gaskets and packing shall be close-cell neoprene, O-ring 
packing shall be close-cell neoprene of 70 durometer.  Packing shall be 
held in place by a packing gland secured with bolts.

2.7   SHOWER PAN

Shower pan may be copper, or nonmetallic material.

2.7.1   Sheet Copper

Sheet copper shall be  16 ounce weight.

2.8   TRAPS

Unless otherwise specified, traps shall be copper-alloy adjustable tube 
type with slip joint inlet and swivel.  Traps shall be with a cleanout.  
Tubes shall be copper alloy with walls not less than  0.032 inch thick 
within commercial tolerances, except on the outside of bends where the 
thickness may be reduced slightly in manufacture by usual commercial 
methods.  Inlets shall have rubber washer and copper alloy nuts for slip 
joints above the discharge level.  Swivel joints shall be below the 
discharge level and shall be of metal-to-metal or metal-to-plastic type as 
required for the application.  Nuts shall have flats for wrench grip.  
Outlets shall have internal pipe thread, except that when required for the 
application, the outlets shall have sockets for solder-joint connections.  
The depth of the water seal shall be not less than  2 inches.  The interior 
diameter shall be not more than  1/8 inch over or under the nominal size, 
and interior surfaces shall be reasonably smooth throughout.  A copper 
alloy "P" trap assembly consisting of an adjustable "P" trap and threaded 
trap wall nipple with cast brass wall flange shall be provided for 
lavatories.  The assembly shall be a standard manufactured unit and may 
have a rubber-gasketed swivel joint.

2.9   WATER HEATERS

Water heater types and capacities shall be as indicated.  Each water heater 
shall have replaceable anodes.  Each primary water heater shall have 
controls with an adjustable range that includes  90 to 160 degrees F.  Each 
gas-fired water heater and booster water heater shall have controls with an 
adjustable range that includes  120 to 180 degrees F.  Hot water systems 
utilizing recirculation systems shall be tied into building off-hour 
controls.  The thermal efficiencies and standby heat losses shall conform 
to TABLE III for each type of water heater specified.  The only exception 
is that storage water heaters and hot water storage tanks having more than  
500 gallons storage capacity need not meet the standard loss requirement if 
the tank surface area is insulated to R-12.5 and if a standing light is not 
used.  Plastic materials polyetherimide (PEI) and polyethersulfone (PES) 
are forbidden to be used for vent piping of combustion gases.  A factory 
pre-charged expansion tank shall be installed on the cold water supply to 
each water heater.  Expansion tanks shall be specifically designed for use 
on potable water systems and shall be rated for 200 degrees F water 
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temperature and 150 psi working pressure.  The expansion tank size and 
acceptance volume shall be as indicated.

2.9.1   Automatic Storage Type

Heaters shall be complete with control system, and shall have ASME rated 
combination pressure and temperature relief valve.  

2.9.1.1   Electric Type

Electric type water heaters shall conform to UL 174 with dual heating 
elements.   Each element shall be as scheduled.  The elements shall be 
wired so that only one element can operate at a time.  

2.9.2   Electric Instantaneous Water Heaters (Tankless)

UL 499 and UL listed flow switch activated, tankless electric instantaneous 
water heater for wall mounting below sink or lavatory.

2.10   PUMPS

2.10.1   Sump Pumps

Sump pumps shall be of capacities indicated.  The pumps shall be of the 
automatic, electric motor-driven, submerged type, complete with necessary 
control equipment and with a split or solid cast-iron or steel cover plate. 
The pumps shall be direct-connected by an approved flexible coupling to a 
vertical electric motor having a continuous oiling device or packed 
bearings sealed against dirt and moisture.  Motors shall be totally 
enclosed, fan-cooled of sizes as indicated and shall be equipped with an 
across-the-line magnetic controller in a NEMA 250, Type 4 enclosure.  Each 
pump shall be fitted with a high-grade thrust bearing mounted above the 
floor.  Each shaft shall have an alignment bearing at each end, and the 
suction inlet shall be between  3 and 6 inches above the sump bottom.  The 
suction side of each pump shall have a strainer of ample capacity.  A float 
switch assembly, with the switch completely enclosed in a NEMA 250, Type 4 
enclosure, shall start and stop each motor at predetermined water levels.  
Duplex pumps shall be equipped with an automatic alternator to change the 
lead operation from one pump to the other, and for starting the second pump 
if the flow exceeds the capacity of the first pump.  The discharge line 
from each pump shall be provided with a union or flange, a nonclog swing 
check valve, and a stop valve in an accessible location near the pump.

2.10.2   Circulating Pumps

Domestic hot water circulating pumps shall be electrically driven, 
single-stage, centrifugal, with mechanical seals, suitable for the intended 
service.  Pump capacities, efficiencies, motor sizes, speeds, and impeller 
types shall be as shown.  Pump and motor shall be supported by the piping 
on which it is installed.  The shaft shall be one-piece, heat-treated, 
corrosion-resisting steel with impeller and smooth-surfaced housing of 
bronze.  Motor shall be totally enclosed, fan-cooled and shall have 
sufficient  horsepower for the service required.  Each pump motor shall be 
equipped with an across-the-line magnetic controller in a NEMA 250, Type 1 
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enclosure with "START-STOP" switch in cover.  Pump motors smaller than 
Fractional horsepower pump motors shall have integral thermal overload 
protection.  Guards shall shield exposed moving parts.

2.10.3   Booster Pumps

2.10.3.1   Centrifugal Pumps

Horizontal split-case centrifugal-type booster pumps shall be furnished. 
The capacities shall be as shown, and the speed shall not exceed 1800 rpm. 
Pumps shall have a casing of close-grained iron or steel with smooth water 
passages.  A gasket shall be provided between the upper and lower halves of 
the casing.  Suction and discharge connections shall be flanged.  Impellers 
shall be nonoverloading, bronze, balanced to eliminate vibration, and shall 
be keyed to corrosion-resisting steel shafts.  The casings shall be fitted 
with bronze wearing or sealing rings.  Bearings shall be cartridge type, 
enabling the entire rotating element to be removed without disturbing 
alignment or exposing the bearings to dirt, water, and other foreign 
matter.  Pumps shall be provided with mechanical seals.  Seal boxes shall 
be machined in the pump casing and at both sides of the pump, and shall be 
of sufficient depth to include a conventional bronze seal ring and rows of 
shaft packing.  Bedplates shall be close-grain cast iron or steel with ribs 
and lugs, complete with foundation bolts, and shall have a drip lip with 
drain hole.  Each pump shall be tested at the manufacturer's plant for 
operating characteristics at the rated capacity and under specified 
operating conditions.  Test curves shall be furnished showing capacity in  
gpm, head in  feet, efficiency, brake  horsepower, and operation in 
parallel with similar pumps.  Multiple pump installations shall have pump 
characteristics compatible for operation in parallel with similar pumps.  
The electric motor shall be sized for non-overload when operating at any 
point along the characteristic curve of the pump.  Guards shall shield 
exposed belts and moving parts.

2.10.3.2   Controls

Each pump motor shall be provided with enclosed across-the-line-type 
magnetic controller complete in a NEMA 250 Type 1 enclosure with three 
position, "HAND-OFF-AUTOMATIC," selector switch in cover.  Pumps shall be 
automatically started and stopped by float or pressure switches, as 
indicated.  The pumps shall start and stop at the levels and pressures 
indicated.  A multiposition sequence selector switch shall be provided so 
that any two pumps may be operated simultaneously beeping a third pump as a 
standby.

2.10.4   Flexible Connectors

Flexible connectors shall be provided at the suction and discharge of each 
pump that is 1 hp or larger.  Connectors shall be constructed of neoprene, 
rubber, or braided bronze, with Class 150 standard flanges.  Flexible 
connectors shall be line size and suitable for the pressure and temperature 
of the intended service.

2.10.5   Sewage Pumps
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Provide single type duplex type with automatic controls to alternate the 
operation from one pump to the other pump and to start the second pump in 
the event the first pump cannot handle the incoming flow.  Provide high 
water alarm and check valve.

2.11   WATER PRESSURE BOOSTER SYSTEM

2.11.1   Constant Speed Pumping System

Constant speed pumping system with pressure-regulating valves shall employ 
one lead pump for low flows, and one or more lag pumps for higher flows.  
Pressure-regulating valves shall be provided with nonslam check feature.  
The factory prepiped and prewired assembly shall be mounted on a steel 
frame, complete with pumps, motors, and automatic controls.  The system 
capacity and capacity of individual pumps shall be as indicated.  Current 
sensing relays shall provide staging of the pumps.  The pumps shall be 
protected from thermal buildup, when running at no-flow, by a common 
thermal relief valve.  Pressure gauges shall be mounted on the suction and 
discharge headers.  The control panel shall bear the UL listing label for 
industrial control panels and shall be in a NEMA 250, Type 1 enclosure.  
The control panel shall include the following:  No-flow shutdown; 7-day 
time clock; audiovisual alarm; external resets; manual alternation; 
magnetic motor controllers; time delays; transformer; current relays; 
"HAND-OFF-AUTOMATIC" switches for each pump; minimum run timers; low 
suction pressure cutout; and indicating lights for power on, individual 
motor overload, and low suction pressure.  The control circuit shall be 
interlocked so that the failure of any controller shall energize the 
succeeding controller.

2.11.2   Hydro-Pneumatic Water Pressure System

An ASME code constructed tank stamped for  125 psig water working pressure 
shall be provided.  The tank shall have a flexible diaphragm made of 
material conforming to FDA requirements for use with potable water and 
shall be factory precharged to meet required system pressure.

2.12   DOMESTIC WATER SERVICE METER

Cold water meters 2 inches and smaller shall be positive displacement type 
conforming to AWWA C700.  Cold water meters 2-1/2 inches and larger shall 
be turbine type conforming to AWWA C701.  Meter register may be round or 
straight reading type.  Meter shall be provided with a pulse generator, 
remote readout register and all necessary wiring and accessories.

2.13   ELECTRICAL WORK

Provide electrical motor driven equipment specified complete with motors, 
motor starters, and controls as specified herein and in Section 16402, 
INTERIOR DISTRIBUTION SYSTEM.  Provide internal wiring for components of 
packaged equipment as an integral part of the equipment.  Provide high 
efficiency type, single-phase, fractional-horsepower alternating-current 
motors, including motors that are part of a system, corresponding to the 
applications in accordance with NEMA MG 11.  In addition to the 
requirements of Section 16402, INTERIOR DISTRIBUTION SYSTEM, provide 
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polyphase, squirrel-cage medium induction motors with continuous ratings, 
including motors that are part of a system, that meet the efficiency 
ratings for premium efficiency motors in accordance with NEMA MG 1.    
Provide motors in accordance with NEMA MG 1 and of sufficient size to drive 
the load at the specified capacity without exceeding the nameplate rating 
of the motor.

Motors shall be rated for continuous duty with the enclosure specified.   
Motor duty requirements shall allow for maximum frequency start-stop 
operation and minimum encountered interval between start and stop.  Motor 
torque shall be capable of accelerating the connected load within 20 
seconds with 80 percent of the rated voltage maintained at motor terminals 
during one starting period.  Motor bearings shall be fitted with grease 
supply fittings and grease relief to outside of the enclosure.

Controllers and contactors shall have auxiliary contacts for use with the 
controls provided.  Manual or automatic control and protective or signal 
devices required for the operation specified and any control wiring 
required for controls and devices specified, but not shown, shall be 
provided.  For packaged equipment, the manufacturer shall provide 
controllers, including the required monitors and timed restart.

Power wiring and conduit for field installed equipment shall be provided 
under and conform to the requirements of Section 16402 INTERIOR 
DISTRIBUTION SYSTEM.

2.14   MISCELLANEOUS PIPING ITEMS

2.14.1   Escutcheon Plates

Provide one piece or split hinge metal plates for piping entering floors, 
walls, and ceilings in exposed spaces.  Provide chromium-plated on copper 
alloy plates or polished stainless steel finish in finished spaces.  
Provide paint finish on plates in unfinished spaces.

2.14.2   Pipe Sleeves

Provide where piping passes entirely through walls, ceilings, roofs, and 
floors.  Secure sleeves in position and location during construction.   
Provide sleeves of sufficient length to pass through entire thickness of 
walls, ceilings, roofs, and floors.  Provide one inch minimum clearance 
between exterior of piping or pipe insulation, and interior of sleeve or 
core-drilled hole.  Firmly pack space with mineral wool insulation.  Seal 
space at both ends of sleeve or core-drilled hole with plastic waterproof 
cement which will dry to a firm but pliable mass, or provide a mechanically 
adjustable segmented elastomeric seal.  In fire walls and fire floors, seal 
both ends of sleeves or core-drilled holes with UL listed fill, void, or 
cavity material.

2.14.2.1   Sleeves in Masonry and Concrete

Provide steel pipe sleeves or schedule 40 PVC plastic pipe sleeves.  
Sleeves are not required where drain, waste, and vent (DWV) piping passes 
through concrete floor slabs located on grade.  Core drilling of masonry 
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and concrete may be provided in lieu of pipe sleeves when cavities in the 
core-drilled hole are completely grouted smooth.

2.14.3   Sleeves Not in Masonry and Concrete

Provide 26 gage galvanized steel sheet or PVC plastic pipe sleeves.

2.14.4   Pipe Hangers (Supports)

Provide MSS SP-58 and MSS SP-69, Type 1 with adjustable type steel support 
rods, except as specified or indicated otherwise.  Attach to steel joists 
with Type 19 or 23 clamps and retaining straps.  Attach to Steel W or S 
beams with Type 21, 28, 29, or 30 clamps.  Attach to steel angles and 
vertical web steel channels with Type 20 clamp with beam clamp channel 
adapter.  Attach to horizontal web steel channel and wood with drilled hole 
on centerline and double nut and washer.  Attach to concrete with Type 18 
insert or drilled expansion anchor.  Provide Type 40 insulation protection 
shield for insulated piping.

2.14.5   Nameplates

Provide 0.125 inch thick melamine laminated plastic nameplates, black matte 
finish with white center core, for equipment, gages, thermometers, and 
valves; valves in supplies to faucets will not require nameplates.  
Accurately align lettering and engrave minimum of 0.25 inch high normal 
block lettering into the white core.  Minimum size of nameplates shall be 
1.0 by 2.5 inches.  Key nameplates to a chart and schedule for each system. 
Frame charts and schedules under glass and place where directed near each 
system.  Furnish two copies of each chart and schedule.

PART 3   EXECUTION

3.1   GENERAL INSTALLATION REQUIREMENTS

Piping located in air plenums shall conform to NFPA 90A requirements.  
Plastic pipe shall not be installed in air plenums.  Piping located in 
shafts that constitute air ducts or that enclose air ducts shall be 
noncombustible in accordance with NFPA 90A.  Installation of plastic pipe 
where in compliance with NFPA may be installed in accordance with PPFA-01.  
The plumbing system shall be installed complete with necessary fixtures, 
fittings, traps, valves, and accessories.  Water and drainage piping shall 
be extended  5 feet outside the building, unless otherwise indicated.  A 
ball valve and drain shall be installed on the water service line inside 
the building approximately 6 inches above the floor from point of entry.  
Piping shall be connected to the exterior service lines or capped or 
plugged if the exterior service is not in place.  Sewer and water pipes 
shall be laid in separate trenches, except when otherwise shown.  Exterior 
underground utilities shall be at least  12 inches below the average local 
frost depth or as indicated on the drawings.  If trenches are closed or the 
pipes are otherwise covered before being connected to the service lines, 
the location of the end of each plumbing utility shall be marked with a 
stake or other acceptable means.  Valves shall be installed with control no 
lower than the valve body.
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3.1.1   Water Pipe, Fittings, and Connections

3.1.1.1   Utilities

The piping shall be extended to fixtures, outlets, and equipment.  The 
hot-water and cold-water piping system shall be arranged and installed to 
permit draining.  The supply line to each item of equipment or fixture, 
except faucets, flush valves, or other control valves which are supplied 
with integral stops, shall be equipped with a shutoff valve to enable 
isolation of the item for repair and maintenance without interfering with 
operation of other equipment or fixtures.  Supply piping to fixtures, 
faucets, hydrants, shower heads, and flushing devices shall be anchored to 
prevent movement.

3.1.1.2   Cutting and Repairing

The work shall be carefully laid out in advance, and unnecessary cutting of 
construction shall be avoided.  Damage to building, piping, wiring, or 
equipment as a result of cutting shall be repaired by mechanics skilled in 
the trade involved.

3.1.1.3   Protection of Fixtures, Materials, and Equipment

Pipe openings shall be closed with caps or plugs during installation. 
Fixtures and equipment shall be tightly covered and protected against dirt, 
water, chemicals, and mechanical injury.  Upon completion of the work, the 
fixtures, materials, and equipment shall be thoroughly cleaned, adjusted, 
and operated.  Safety guards shall be provided for exposed rotating 
equipment.

3.1.1.4   Mains, Branches, and Runouts

Piping shall be installed as indicated.  Pipe shall be accurately cut and 
worked into place without springing or forcing.  Structural portions of the 
building shall not be weakened.  Aboveground piping shall run parallel with 
the lines of the building, unless otherwise indicated.  Branch pipes from 
service lines may be taken from top, bottom, or side of main, using 
crossover fittings required by structural or installation conditions.  
Supply pipes, valves, and fittings shall be kept a sufficient distance from 
other work and other services to permit not less than  1/2 inch between 
finished covering on the different services.  Bare and insulated water 
lines shall not bear directly against building structural elements so as to 
transmit sound to the structure or to prevent flexible movement of the 
lines.  Water pipe shall not be buried in or under floors unless 
specifically indicated or approved.  Changes in pipe sizes shall be made 
with reducing fittings.  Use of bushings will not be permitted except for 
use in situations in which standard factory fabricated components are 
furnished to accommodate specific accepted installation practice.  Change 
in direction shall be made with fittings, except that bending of pipe  4 
inches and smaller will be permitted, provided a pipe bender is used and 
wide sweep bends are formed.  The center-line radius of bends shall be not 
less than six diameters of the pipe.  Bent pipe showing kinks, wrinkles, 
flattening, or other malformations will not be acceptable.
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3.1.1.5   Pipe Drains

Pipe drains indicated shall consist of  3/4 inch hose bibb with renewable 
seat and full port ball valve ahead of hose bibb.  At other low points,  
3/4 inch brass plugs or caps shall be provided.  Disconnection of the 
supply piping at the fixture is an acceptable drain.

3.1.1.6   Expansion and Contraction of Piping

Allowance shall be made throughout for expansion and contraction of water 
pipe.  Each hot-water and hot-water circulation riser shall have expansion 
loops or other provisions such as offsets, changes in direction, etc., 
where indicated and/or required.  Risers shall be securely anchored as 
required or where indicated to force expansion to loops.  Branch 
connections from risers shall be made with ample swing or offset to avoid 
undue strain on fittings or short pipe lengths.  Horizontal runs of pipe 
over  50 feet in length shall be anchored to the wall or the supporting 
construction about midway on the run to force expansion, evenly divided, 
toward the ends.  Sufficient flexibility shall be provided on branch 
runouts from mains and risers to provide for expansion and contraction of 
piping.  Flexibility shall be provided by installing one or more turns in 
the line so that piping will spring enough to allow for expansion without 
straining.  If mechanical grooved pipe coupling systems are provided, the 
deviation from design requirements for expansion and contraction may be 
allowed pending approval of Contracting Officer.

3.1.1.7   Thrust Restraint

Plugs, caps, tees, valves and bends deflecting 11.25 degrees or more, 
either vertically or horizontally, in waterlines 4 inches in diameter or 
larger shall be provided with thrust blocks, where indicated, to prevent 
movement.  Thrust blocking shall be concrete of a mix not leaner than:  1 
cement, 2-1/2 sand, 5 gravel; and having a compressive strength of not less 
than 2000 psi after 28 days.  Blocking shall be placed between solid ground 
and the fitting to be anchored.  Unless otherwise indicated or directed, 
the base and thrust bearing sides of the thrust block shall be poured 
against undisturbed earth.  The side of the thrust block not subject to 
thrust shall be poured against forms.  The area of bearing will be as 
shown.  Blocking shall be placed so that the joints of the fitting are 
accessible for repair.  Steel rods and clamps, protected by galvanizing or 
by coating with bituminous paint, shall be used to anchor vertical down 
bends into gravity thrust blocks.

3.1.1.8   Commercial-Type Water Hammer Arresters

Commercial-type water hammer arresters shall be provided on hot- and 
cold-water supplies and shall be located as generally indicated, with 
precise location and sizing to be in accordance with PDI WH 201.  Water 
hammer arresters, where concealed, shall be accessible by means of access 
doors or removable panels.  Commercial-type water hammer arresters shall 
conform to ASSE 1010.  Vertical capped pipe columns will not be permitted.

3.1.2   Joints
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Installation of pipe and fittings shall be made in accordance with the 
manufacturer's recommendations.  Mitering of joints for elbows and notching 
of straight runs of pipe for tees will not be permitted.  Joints shall be 
made up with fittings of compatible material and made for the specific 
purpose intended.

3.1.2.1   Threaded

Threaded joints shall have American Standard taper pipe threads conforming 
to ASME B1.20.1.  Only male pipe threads shall be coated with graphite or 
with an approved graphite compound, or with an inert filler and oil, or 
shall have a polytetrafluoroethylene tape applied.

3.1.2.2   Mechanical Couplings

Grooved mechanical joints shall be prepared according to the coupling 
manufacturer's instructions.  Pipe and groove dimensions shall comply with 
the tolerances specified by the coupling manufacturer.  The diameter of 
grooves made in the field shall be measured using a "go/no-go" gauge, 
vernier or dial caliper, or narrow-land micrometer.  Groove width and 
dimension of groove from end of the pipe shall be measured and recorded for 
each change in grooving tool setup to verify compliance with coupling 
manufacturer's tolerances.  Grooved joints shall not be used in concealed 
locations, such as behind solid walls or ceilings, unless an access panel 
is shown on the drawings for servicing or adjusting the joint.

3.1.2.3   Unions and Flanges

Unions, flanges and mechanical couplings shall not be concealed in walls, 
ceilings, or partitions.  Unions shall be used on pipe sizes  2-1/2 inches 
and smaller; flanges shall be used on pipe sizes  3 inches and larger.

3.1.2.4   Grooved Mechanical Joints

Grooves shall be prepared according to the coupling manufacturer's 
instructions.  Grooved fittings, couplings, and grooving tools shall be 
products of the same manufacturer.  Pipe and groove dimensions shall comply 
with the tolerances specified by the coupling manufacturer.  The diameter 
of grooves made in the field shall be measured using a "go/no-go" gauge, 
vernier or dial caliper, narrow-land micrometer, or other method 
specifically approved by the coupling manufacturer for the intended 
application.  Groove width and dimension of groove from end of pipe shall 
be measured and recorded for each change in grooving tool setup to verify 
compliance with coupling manufacturer's tolerances.  Grooved joints shall 
not be used in concealed locations.

3.1.2.5   Cast Iron Soil, Waste and Vent Pipe

Bell and spigot compression and hubless gasketed clamp joints for soil, 
waste and vent piping shall be installed per the manufacturer's 
recommendations.

3.1.2.6   Copper Tube and Pipe
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a.  Brazed.  Brazed joints shall be made in conformance with AWS B2.2, 
MSS SP-73, and CDA A4015 with flux and are acceptable for all pipe 
sizes.  Copper to copper joints shall include the use of 
copper-phosphorus or copper-phosphorus-silver brazing metal 
without flux.  Brazing of dissimilar metals (copper to bronze or 
brass) shall include the use of flux with either a 
copper-phosphorus, copper-phosphorus-silver or a silver brazing 
filler metal.

b.  Soldered.  Soldered joints shall be made with flux and are only 
acceptable for piping  2 inches and smaller.  Soldered joints 
shall conform to ASME B31.5 and CDA A4015.  Soldered joints shall 
not be used in compressed air piping between the air comppressor 
and the receiver.

c.  Copper Tube Extracted Joint.  Mechanically extracted joints shall 
be made in accordance with ICC IPC.

3.1.2.7   Other Joint Methods

3.1.3   Dissimilar Pipe Materials

Connections between ferrous and non-ferrous copper water pipe shall be made 
with dielectric unions or flange waterways.  Dielectric waterways shall 
have temperature and pressure rating equal to or greater than that 
specified for the connecting piping.  Waterways shall have metal 
connections on both ends suited to match connecting piping.  Dielectric 
waterways shall be internally lined with an insulator specifically designed 
to prevent current flow between dissimilar metals.  Dielectric flanges 
shall meet the performance requirements described herein for dielectric 
waterways.  Connecting joints between plastic and metallic pipe shall be 
made with transition fitting for the specific purpose.

3.1.4   Corrosion Protection for Buried Pipe and Fittings

Ductile iron, cast iron, and steel pipe, fittings, and joints shall have a 
protective coating.  Additionally, ductile iron, cast iron, and steel 
pressure pipe shall have a cathodic protection system and joint bonding.  
The cathodic protection system, protective coating system, and joint 
bonding for cathodically protected pipe shall be in accordance with Section 
13110A CATHODIC PROTECTION SYSTEM (SACRIFICIAL ANODE) .  Coatings shall be 
selected, applied, and inspected in accordance with NACE RP0169 and as 
otherwise specified.  The pipe shall be cleaned and the coating system 
applied prior to pipe tightness testing.  Joints and fittings shall be 
cleaned and the coating system applied after pipe tightness testing.  For 
tape coating systems, the tape shall conform to AWWA C203 and shall be 
applied with a 50 percent overlap.  Primer utilized with tape type coating 
systems shall be as recommended by the tape manufacturer.

3.1.5   Pipe Sleeves and Flashing

Pipe sleeves shall be furnished and set in their proper and permanent 
location.
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3.1.5.1   Sleeve Requirements

Pipes passing through concrete or masonry walls or concrete floors or roofs 
shall be provided with pipe sleeves fitted into place at the time of 
construction.  Sleeves are not required for supply, drainage, waste and 
vent pipe passing through concrete slab on grade, except where penetrating 
a membrane waterproof floor.  A modular mechanical type sealing assembly 
may be installed in lieu of a waterproofing clamping flange and caulking 
and sealing of annular space between pipe and sleeve.  The seals shall 
consist of interlocking synthetic rubber links shaped to continuously fill 
the annular space between the pipe and sleeve using galvanized steel bolts, 
nuts, and pressure plates.  The links shall be loosely assembled with bolts 
to form a continuous rubber belt around the pipe with a pressure plate 
under each bolt head and each nut.  After the seal assembly is properly 
positioned in the sleeve, tightening of the bolt shall cause the rubber 
sealing elements to expand and provide a watertight seal between the pipe 
and the sleeve.  Each seal assembly shall be sized as recommended by the 
manufacturer to fit the pipe and sleeve involved. Sleeves shall not be 
installed in structural members, except where indicated or approved.  
Rectangular and square openings shall be as detailed.  Each sleeve shall 
extend through its respective floor, or roof, and shall be cut flush with 
each surface, except for special circumstances. Pipe sleeves passing 
through floors in wet areas such as mechanical equipment rooms, lavatories, 
kitchens, and other plumbing fixture areas shall extend a minimum of  4 
inches above the finished floor.  Unless otherwise indicated, sleeves shall 
be of a size to provide a minimum of  1/4 inch clearance between bare pipe 
or insulation and inside of sleeve or between insulation and inside of 
sleeve.  Sleeves in bearing walls and concrete slab on grade floors shall 
be steel pipe or cast-iron pipe.  Sleeves in nonbearing walls or ceilings 
may be steel pipe, cast-iron pipe, galvanized sheet metal with lock-type 
longitudinal seam, or plastic.  Except as otherwise specified, the annular 
space between pipe and sleeve, or between jacket over insulation and 
sleeve, shall be sealed as indicated with sealants conforming to ASTM C 920 
and with a primer, backstop material and surface preparation as specified 
in Section 07920 JOINT SEALANTS.  The annular space between pipe and 
sleeve, between bare insulation and sleeve or between jacket over 
insulation and sleeve shall not be sealed for interior walls which are not 
designated as fire rated.  Sleeves through below-grade walls in contact 
with earth shall be recessed  1/2 inch from wall surfaces on both sides.  
Annular space between pipe and sleeve shall be filled with backing material 
and sealants in the joint between the pipe and masonry wall as specified 
above.  Sealant selected for the earth side of the wall shall be compatible 
with dampproofing/waterproofing materials that are to be applied over the 
joint sealant.  Pipe sleeves in fire-rated walls shall conform to the 
requirements in Section 07840 FIRESTOPPING.

3.1.5.2   Flashing Requirements

Pipes passing through roof shall be installed through a  16 ounce copper 
flashing, each within an integral skirt or flange.  Flashing shall be 
suitably formed, and the skirt or flange shall extend not less than  8 
inches from the pipe and shall be set over the roof or floor membrane in a 
solid coating of bituminous cement.  The flashing shall extend up the pipe 
a minimum of  10 inches.  For cleanouts, the flashing shall be turned down 
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into the hub and caulked after placing the ferrule.  Pipes passing through 
pitched roofs shall be flashed, using lead or copper flashing, with an 
adjustable integral flange of adequate size to extend not less than  8 
inches from the pipe in all directions and lapped into the roofing to 
provide a watertight seal.  The annular space between the flashing and the 
bare pipe or between the flashing and the metal-jacket-covered insulation 
shall be sealed as indicated.  Flashing for dry vents shall be turned down 
into the pipe to form a waterproof joint.  Pipes, up to and including  10 
inches in diameter, passing through roof or floor waterproofing membrane 
may be installed through a cast-iron sleeve with caulking recess, anchor 
lugs, flashing-clamp device, and pressure ring with brass bolts.  Flashing 
shield shall be fitted into the sleeve clamping device.  Pipes passing 
through wall waterproofing membrane shall be sleeved as described above.  A 
waterproofing clamping flange shall be installed.

3.1.5.3   Waterproofing

Waterproofing at floor-mounted water closets shall be accomplished by 
forming a flashing guard from soft-tempered sheet copper.  The center of 
the sheet shall be perforated and turned down approximately  1-1/2 inches 
to fit between the outside diameter of the drainpipe and the inside 
diameter of the cast-iron or steel pipe sleeve.  The turned-down portion of 
the flashing guard shall be embedded in sealant to a depth of approximately 
 1-1/2 inches; then the sealant shall be finished off flush to floor level 
between the flashing guard and drainpipe.  The flashing guard of sheet 
copper shall extend not less than  8 inches from the drainpipe and shall be 
lapped between the floor membrane in a solid coating of bituminous cement.  
If cast-iron water closet floor flanges are used, the space between the 
pipe sleeve and drainpipe shall be sealed with sealant and the flashing 
guard shall be upturned approximately  1-1/2 inches to fit the outside 
diameter of the drainpipe and the inside diameter of the water closet floor 
flange.  The upturned portion of the sheet fitted into the floor flange 
shall be sealed.

3.1.5.4   Optional Counterflashing

Instead of turning the flashing down into a dry vent pipe, or caulking and 
sealing the annular space between the pipe and flashing or 
metal-jacket-covered insulation and flashing, counterflashing may be 
accomplished by utilizing the following:

a.  A standard roof coupling for threaded pipe up to  6 inches in 
diameter.

b.  A tack-welded or banded-metal rain shield around the pipe.

3.1.5.5   Pipe Penetrations of Slab on Grade Floors

Where pipes, fixture drains, floor drains, cleanouts or similar items 
penetrate slab on grade floors, except at penetrations of floors with 
waterproofing membrane as specified in paragraphs Flashing Requirements and 
Waterproofing, a groove  1/4 to 1/2 inch wide by  1/4 to 3/8 inch deep 
shall be formed around the pipe, fitting or drain.  The groove shall be 
filled with a sealant as specified in Section 07920 JOINT SEALANTS.
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3.1.5.6   Pipe Penetrations

Provide sealants for all pipe penetrations.  All pipe penetrations shall be 
sealed to prevent infiltration of air, insects, and vermin.

3.1.6   Fire Seal

Where pipes pass through fire walls, fire-partitions, fire-rated pipe chase 
walls or floors above grade, a fire seal shall be provided as specified in 
Section 07840 FIRESTOPPING.

3.1.7   Supports

3.1.7.1   General

Hangers used to support piping  2 inches and larger shall be fabricated to 
permit adequate adjustment after erection while still supporting the load.  
Pipe guides and anchors shall be installed to keep pipes in accurate 
alignment, to direct the expansion movement, and to prevent buckling, 
swaying, and undue strain.  Piping subjected to vertical movement when 
operating temperatures exceed ambient temperatures shall be supported by 
variable spring hangers and supports or by constant support hangers.  In 
the support of multiple pipe runs on a common base member, a clip or clamp 
shall be used where each pipe crosses the base support member.  Spacing of 
the base support members shall not exceed the hanger and support spacing 
required for an individual pipe in the multiple pipe run.  Threaded 
sections of rods shall not be formed or bent.

3.1.7.2   Pipe Supports and Structural Bracing, Seismic Requirements

Piping and attached valves shall be supported and braced to resist seismic 
loads as specified in Sections 13080 SEISMIC PROTECTION FOR MISCELLANEOUS 
EQUIPMENT and 15070A SEISMIC PROTECTION FOR MECHANICAL EQUIPMENT .  
Structural steel required for reinforcement to properly support piping, 
headers, and equipment, but not shown, shall be provided.  Material used 
for supports shall be as specified in Section 05120 STRUCTURAL STEEL.

3.1.7.3   Pipe Hangers, Inserts, and Supports

Installation of pipe hangers, inserts and supports shall conform to MSS 
SP-58 and MSS SP-69, except as modified herein.

a.  Types 5, 12, and 26 shall not be used.

b.  Type 3 shall not be used on insulated pipe.

c.  Type 18 inserts shall be secured to concrete forms before concrete 
is placed.  Continuous inserts which allow more adjustment may be 
used if they otherwise meet the requirements for type 18 inserts.

d.  Type 19 and 23 C-clamps shall be torqued per MSS SP-69 and shall 
have both locknuts and retaining devices furnished by the 
manufacturer.  Field-fabricated C-clamp bodies or retaining 
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devices are not acceptable.

e.  Type 20 attachments used on angles and channels shall be furnished 
with an added malleable-iron heel plate or adapter.

f.  Type 24 may be used only on trapeze hanger systems or on 
fabricated frames.

g.  Type 39 saddles shall be used on insulated pipe  4 inches and 
larger when the temperature of the medium is  60 degrees F or 
higher.  Type 39 saddles shall be welded to the pipe.

h.  Type 40 shields shall:

(1)  Be used on insulated pipe less than  4 inches.

(2)  Be used on insulated pipe  4 inches and larger when the 
temperature of the medium is  60 degrees F or less.

(3)  Have a high density insert for all pipe sizes.  High density 
inserts shall have a density of  8 pcf or greater.

i.  Horizontal pipe supports shall be spaced as specified in MSS SP-69 
and a support shall be installed not over  1 foot from the pipe 
fitting joint at each change in direction of the piping.  Pipe 
supports shall be spaced not over  5 feet apart at valves.  
Operating temperatures in determining hanger spacing for PVC or 
CPVC pipe shall be  120 degrees F for PVC and  180 degrees F for 
CPVC.  Horizontal pipe runs shall include allowances for expansion 
and contraction.

j.  Vertical pipe shall be supported at each floor, except at 
slab-on-grade, at intervals of not more than  15 feet nor more 
than  8 feet from end of risers, and at vent terminations.  
Vertical pipe risers shall include allowances for expansion and 
contraction.

k.  Type 35 guides using steel, reinforced polytetrafluoroethylene 
(PTFE) or graphite slides shall be provided to allow longitudinal 
pipe movement.  Slide materials shall be suitable for the system 
operating temperatures, atmospheric conditions, and bearing loads 
encountered.  Lateral restraints shall be provided as needed.  
Where steel slides do not require provisions for lateral restraint 
the following may be used:

(1)  On pipe  4 inches and larger when the temperature of the 
medium is  60 degrees F or higher, a Type 39 saddle, welded to the 
pipe, may freely rest on a steel plate.

(2)  On pipe less than  4 inches a Type 40 shield, attached to the 
pipe or insulation, may freely rest on a steel plate.

(3)  On pipe  4 inches and larger carrying medium less that  60 
degrees F a Type 40 shield, attached to the pipe or insulation, 
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may freely rest on a steel plate.

l.  Pipe hangers on horizontal insulated pipe shall be the size of the 
outside diameter of the insulation.  The insulation shall be 
continuous through the hanger on all pipe sizes and applications.

m.  Where there are high system temperatures and welding to piping is 
not desirable, the type 35 guide shall include a pipe cradle, 
welded to the guide structure and strapped securely to the pipe.  
The pipe shall be separated from the slide material by at least  4 
inches or by an amount adequate for the insulation, whichever is 
greater.

n.  Hangers and supports for plastic pipe shall not compress, distort, 
cut or abrade the piping, and shall allow free movement of pipe 
except where otherwise required in the control of 
expansion/contraction.

3.1.7.4   Structural Attachments

Attachment to building structure concrete and masonry shall be by cast-in 
concrete inserts, built-in anchors, or masonry anchor devices.  Inserts and 
anchors shall be applied with a safety factor not less than 5.  Supports 
shall not be attached to metal decking.  Supports shall not be attached to 
the underside of concrete filled floor or concrete roof decks unless 
approved by the Contracting Officer.  Masonry anchors for overhead 
applications shall be constructed of ferrous materials only.

3.1.8   Welded Installation

Plumbing pipe weldments shall be as indicated.  Changes in direction of 
piping shall be made with welding fittings only; mitering or notching pipe 
to form elbows and tees or other similar type construction will not be 
permitted.  Branch connection may be made with either welding tees or 
forged branch outlet fittings.  Branch outlet fittings shall be forged, 
flared for improvement of flow where attached to the run, and reinforced 
against external strains.  Beveling, alignment, heat treatment, and 
inspection of weld shall conform to ASME B31.1.  Weld defects shall be 
removed and repairs made to the weld, or the weld joints shall be entirely 
removed and rewelded.  After filler metal has been removed from its 
original package, it shall be protected or stored so that its 
characteristics or welding properties are not affected.  Electrodes that 
have been wetted or that have lost any of their coating shall not be used.

3.1.9   Pipe Cleanouts

Pipe cleanouts shall be the same size as the pipe except that cleanout 
plugs larger than  4 inches will not be required.  A cleanout installed in 
connection with cast-iron soil pipe shall consist of a long-sweep 1/4 bend 
or one or two 1/8 bends extended to the place shown.  An extra-heavy 
cast-brass or cast-iron ferrule with countersunk cast-brass head screw plug 
shall be caulked into the hub of the fitting and shall be flush with the 
floor.  Cleanouts in connection with other pipe, where indicated, shall be 
T-pattern, 90-degree branch drainage fittings with cast-brass screw plugs, 
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except plastic plugs shall be installed in plastic pipe.  Plugs shall be 
the same size as the pipe up to and including  4 inches.  Cleanout tee 
branches with screw plug shall be installed at the foot of soil and waste 
stacks, at the foot of interior downspouts, on each connection to building 
storm drain where interior downspouts are indicated, and on each building 
drain outside the building.  Cleanout tee branches may be omitted on stacks 
in single story buildings with slab-on-grade construction or where less 
than  18 inches of crawl space is provided under the floor.  Cleanouts on 
pipe concealed in partitions shall be provided with chromium plated bronze, 
nickel bronze, nickel brass or stainless steel flush type access cover 
plates.  Round access covers shall be provided and secured to plugs with 
securing screw.  Square access covers may be provided with matching frames, 
anchoring lugs and cover screws.  Cleanouts in finished walls shall have 
access covers and frames installed flush with the finished wall.  Cleanouts 
installed in finished floors subject to foot traffic shall be provided with 
a chrome-plated cast brass, nickel brass, or nickel bronze cover secured to 
the plug or cover frame and set flush with the finished floor.  Heads of 
fastening screws shall not project above the cover surface.  Where 
cleanouts are provided with adjustable heads, the heads shall be cast iron .

3.2   WATER HEATERS

3.2.1   Relief Valves

No valves shall be installed between a relief valve and its water heater or 
storage tank.  The P&T relief valve shall be installed where the valve 
actuator comes in contact with the hottest water in the heater.  Whenever 
possible, the relief valve shall be installed directly in a tapping in the 
tank or heater; otherwise, the P&T valve shall be installed in the 
hot-water outlet piping.  A vacuum relief valve shall be provided on the 
cold water supply line to the hot-water storage tank or water heater and 
mounted above and within  6 inches above the top of the tank or water 
heater.

3.2.2   Heat Traps

Piping to and from each water heater and hot water storage tank shall be 
routed horizontally and downward a minimum of  2 feet before turning in an 
upward direction.

3.2.3   Connections to Water Heaters

Connections of metallic pipe to water heaters shall be made with dielectric 
unions or flanges.

3.2.4   Expansion Tank

A pre-charged expansion tank shall be installed on the cold water supply 
between the water heater inlet and the cold water supply shut-off valve.  
The Contractor shall adjust the expansion tank air pressure, as recommended 
by the tank manufacturer, to match incoming water pressure.

3.3   FIXTURES AND FIXTURE TRIMMINGS
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Polished chromium-plated pipe, valves, and fittings shall be provided where 
exposed to view.  Angle stops, straight stops, stops integral with the 
faucets, or concealed type of lock-shield, and loose-key pattern stops for 
supplies with threaded, sweat or solvent weld inlets shall be furnished and 
installed with fixtures.  Where connections between copper tubing and 
faucets are made by rubber compression fittings, a beading tool shall be 
used to mechanically deform the tubing above the compression fitting.  
Exposed traps and supply pipes for fixtures and equipment shall be 
connected to the rough piping systems at the wall, unless otherwise 
specified under the item.  Floor and wall escutcheons shall be as 
specified.  Drain lines and hot water lines of fixtures for handicapped 
personnel shall be insulated and do not require polished chrome finish.  
Plumbing fixtures and accessories shall be installed within the space shown.

3.3.1   Fixture Connections

Where space limitations prohibit standard fittings in conjunction with the 
cast-iron floor flange, special short-radius fittings shall be provided.  
Connections between earthenware fixtures and flanges on soil pipe shall be 
made gastight and watertight with a closet-setting compound or neoprene 
gasket and seal.  Use of natural rubber gaskets or putty will not be 
permitted.  Fixtures with outlet flanges shall be set the proper distance 
from floor or wall to make a first-class joint with the closet-setting 
compound or gasket and fixture used.

3.3.2   Flushometer Valves

Flushometer valves shall be secured to prevent movement by anchoring the 
long finished top spud connecting tube to wall adjacent to valve with 
approved metal bracket.  Flushometer valves for water closets shall be 
installed  39 inches above the floor, except at water closets intended for 
use by the physically handicapped where flushometer valves shall be mounted 
at approximately 30 inches above the floor and arranged to avoid 
interference with grab bars.  In addition, for water closets intended for 
handicap use, the flush valve handle shall be installed on the wide side of 
the enclosure.  Bumpers for water closet seats shall be installed on the 
flushometer stop.

3.3.3   Height of Fixture Rims Above Floor

Lavatories shall be mounted with rim  31 inches above finished floor.  
Wall-hung drinking fountains and water coolers shall be installed with rim  
42 inches above floor.  Wall-hung service sinks shall be mounted with rim  
28 inches above the floor.  Installation of fixtures for use by the 
physically handicapped shall be in accordance with ICC A117.1.

3.3.4   Shower Outfits

The area around the water supply piping to the mixing valves and behind the 
escutcheon plate shall be made watertight by caulking or gasketing.

3.3.5   Fixture Supports

Fixture supports for off-the-floor lavatories, urinals, water closets, and 
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other fixtures of similar size, design, and use, shall be of the 
chair-carrier type.  The carrier shall provide the necessary means of 
mounting the fixture, with a foot or feet to anchor the assembly to the 
floor slab.  Adjustability shall be provided to locate the fixture at the 
desired height and in proper relation to the wall.  Support plates, in lieu 
of chair carrier, shall be fastened to the wall structure only where it is 
not possible to anchor a floor-mounted chair carrier to the floor slab.

3.3.5.1   Support for Solid Masonry Construction

Chair carrier shall be anchored to the floor slab.  Where a floor-anchored 
chair carrier cannot be used, a suitable wall plate shall be imbedded in 
the masonry wall.

3.3.5.2   Support for Concrete-Masonry Wall Construction

Chair carrier shall be anchored to floor slab.  Where a floor-anchored 
chair carrier cannot be used, a suitable wall plate shall be fastened to 
the concrete wall using through bolts and a back-up plate.

3.3.5.3   Support for Steel Stud Frame Partitions

Chair carrier shall be used.  The anchor feet and tubular uprights shall be 
of the heavy duty design; and feet (bases) shall be steel and welded to a 
square or rectangular steel tube upright.  Wall plates, in lieu of 
floor-anchored chair carriers, shall be used only if adjoining steel 
partition studs are suitably reinforced to support a wall plate bolted to 
these studs.

3.3.5.4   Support for Wood Stud Construction

Where floor is a concrete slab, a floor-anchored chair carrier shall be 
used.  Where entire construction is wood, wood crosspieces shall be 
installed.  Fixture hanger plates, supports, brackets, or mounting lugs 
shall be fastened with not less than No. 10 wood screws,  1/4 inch thick 
minimum steel hanger, or toggle bolts with nut.  The wood crosspieces shall 
extend the full width of the fixture and shall be securely supported.

3.3.5.5   Wall-Mounted Water Closet Gaskets

Where wall-mounted water closets are provided, reinforced wax, treated 
felt, or neoprene gaskets shall be provided.  The type of gasket furnished 
shall be as recommended by the chair-carrier manufacturer.

3.3.6   Backflow Prevention Devices

Plumbing fixtures, equipment, and pipe connections shall not cross connect 
or interconnect between a potable water supply and any source of nonpotable 
water.  Backflow preventers shall be installed where indicated and in 
accordance with UPC at all other locations necessary to preclude a 
cross-connect or interconnect between a potable water supply and any 
nonpotable substance.  In addition backflow preventers shall be installed 
at all locations where the potable water outlet is below the flood level of 
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the equipment, or where the potable water outlet will be located below the 
level of the nonpotable substance.  Backflow preventers shall be located so 
that no part of the device will be submerged.  Backflow preventers shall be 
of sufficient size to allow unrestricted flow of water to the equipment, 
and preclude the backflow of any nonpotable substance into the potable 
water system.  Bypass piping shall not be provided around backflow 
preventers.  Access shall be provided for maintenance and testing.  Each 
device shall be a standard commercial unit.

3.3.7   Access Panels

Access panels shall be provided for concealed valves and controls, or any 
item requiring inspection or maintenance.  Access panels shall be of 
sufficient size and located so that the concealed items may be serviced, 
maintained, or replaced.  Access panels shall be as specified in Section 
05500A MISCELLANEOUS METAL.

3.3.8   Traps

Each trap shall be placed as near the fixture as possible, and no fixture 
shall be double-trapped.  Traps installed on cast-iron soil pipe shall be 
cast iron.  Traps installed on steel pipe or copper tubing shall be 
recess-drainage pattern, or brass-tube type.  Traps installed on plastic 
pipe may be plastic conforming to ASTM D 3311.  Traps for acid-resisting 
waste shall be of the same material as the pipe.

3.3.9   Shower Pans

Before installing shower pan, subfloor shall be free of projections such as 
nail heads or rough edges of aggregate.  Drain shall be a bolt-down, 
clamping-ring type with weepholes, installed so the lip of the subdrain is 
flush with subfloor.

3.3.9.1   General

The floor of each individual shower, the shower-area portion of combination 
shower and drying room, and the entire shower and drying room where the two 
are not separated by curb or partition, shall be made watertight with a 
shower pan fabricated in place.  The shower pan material shall be cut to 
size and shape of the area indicated, in one piece to the maximum extent 
practicable, allowing a minimum of  6 inches for turnup on walls or 
partitions, and shall be folded over the curb with an approximate return of 
1/4 of curb height.  The upstands shall be placed behind any wall or 
partition finish.  Subflooring shall be smooth and clean, with nailheads 
driven flush with surface, and shall be sloped to drain.  Shower pans shall 
be clamped to drains with the drain clamping ring.

3.4   WATER METER REMOTE READOUT REGISTER

The remote readout register shall be mounted at the location indicated or 
as directed by the Contracting Officer.

3.5   IDENTIFICATION SYSTEMS
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3.5.1   Identification Tags

Identification tags made of brass, engraved laminated plastic, or engraved 
anodized aluminum, indicating service and valve number shall be installed 
on valves, except those valves installed on supplies at plumbing fixtures. 
Tags shall be  1-3/8 inch minimum diameter, and marking shall be stamped or 
engraved.  Indentations shall be black, for reading clarity.  Tags shall be 
attached to valves with No. 12 AWG, copper wire, chrome-plated beaded 
chain, or plastic straps designed for that purpose.

3.5.2   Pipe Color Code Marking

Color code marking of piping shall be as specified in Section 09900 PAINTS 
AND COATINGS.

3.5.3   Color Coding Scheme for Locating Hidden Utility Components

Scheme shall be provided in buildings having suspended grid ceilings.  The 
color coding scheme shall identify points of access for maintenance and 
operation of operable components which are not visible from the finished 
space and installed in the space directly above the suspended grid ceiling. 
The operable components shall include valves, dampers, switches, linkages 
and thermostats.  The color coding scheme shall consist of a color code 
board and colored metal disks.  Each colored metal disk shall be 
approximately  3/8 inch in diameter and secured to removable ceiling panels 
with fasteners.  The fasteners shall be inserted into the ceiling panels so 
that the fasteners will be concealed from view.  The fasteners shall be 
manually removable without tools and shall not separate from the ceiling 
panels when panels are dropped from ceiling height.  Installation of 
colored metal disks shall follow completion of the finished surface on 
which the disks are to be fastened.  The color code board shall have the 
approximate dimensions of  3 foot width,  30 inches height, and  1/2 inch 
thickness.  The board shall be made of wood fiberboard and framed under 
glass or  1/16 inch transparent plastic cover.  Unless otherwise directed, 
the color code symbols shall be approximately  3/4 inch in diameter and the 
related lettering in  1/2 inch high capital letters.  The color code board 
shall be mounted and located in the mechanical or equipment room.

3.6   ESCUTCHEONS

Escutcheons shall be provided at finished surfaces where bare or insulated 
piping, exposed to view, passes through floors, walls, or ceilings, except 
in boiler, utility, or equipment rooms.  Escutcheons shall be fastened 
securely to pipe or pipe covering and shall be satin-finish, 
corrosion-resisting steel, polished chromium-plated zinc alloy, or polished 
chromium-plated copper alloy.  Escutcheons shall be either one-piece or 
split-pattern, held in place by internal spring tension or setscrew.

3.7   PAINTING

Painting of pipes, hangers, supports, and other iron work, either in 
concealed spaces or exposed spaces, is specified in Section 09900 PAINTS 
AND COATINGS.
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3.7.1   PAINTING OF NEW EQUIPMENT

New equipment painting shall be factory applied or shop applied, and shall 
be as specified herein, and provided under each individual section.

3.7.1.1   Factory Painting Systems

Manufacturer's standard factory painting systems may be provided subject to 
certification that the factory painting system applied will withstand 125 
hours in a salt-spray fog test, except that equipment located outdoors 
shall withstand 500 hours in a salt-spray fog test.  Salt-spray fog test 
shall be in accordance with ASTM B 117, and for that test the acceptance 
criteria shall be as follows:  immediately after completion of the test, 
the paint shall show no signs of blistering, wrinkling, or cracking, and no 
loss of adhesion; and the specimen shall show no signs of rust creepage 
beyond 0.125 inch on either side of the scratch mark.

The film thickness of the factory painting system applied on the equipment 
shall not be less than the film thickness used on the test specimen.  If 
manufacturer's standard factory painting system is being proposed for use 
on surfaces subject to temperatures above 120 degrees F, the factory 
painting system shall be designed for the temperature service.

3.7.1.2   Shop Painting Systems for Metal Surfaces

Clean, pretreat, prime and paint metal surfaces; except aluminum surfaces 
need not be painted.  Apply coatings to clean dry surfaces.  Clean the 
surfaces to remove dust, dirt, rust, oil and grease by wire brushing and 
solvent degreasing prior to application of paint, except metal surfaces 
subject to temperatures in excess of 120 degrees F shall be cleaned to bare 
metal.

Where more than one coat of paint is specified, apply the second coat after 
the preceding coat is thoroughly dry.  Lightly sand damaged painting and 
retouch before applying the succeeding coat. Color of finish coat shall be 
aluminum or light gray.

a.  Temperatures Less Than 120 Degrees F: Immediately after cleaning, 
the metal surfaces subject to temperatures less than 120 degrees F 
shall receive one coat of pretreatment primer applied to a minimum 
dry film thickness of 0.3 mil, one coat of primer applied to a 
minimum dry film thickness of one mil; and two coats of enamel 
applied to a minimum dry film thickness of one mil per coat.

b.  Temperatures Between 120 and 400 Degrees F:  Metal surfaces 
subject to temperatures between 120 and 400 degrees F shall 
receive two coats of  400 degrees F heat-resisting enamel applied 
to a total minimum thickness of 2 mils.

c.  Temperatures Greater Than 400 Degrees F: Metal surfaces subject to 
temperatures greater than 400 degrees F shall receive two coats of 
600 degrees F heat-resisting paint applied to a total minimum dry 
film thickness of 2 mils.
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3.8   TESTS, FLUSHING AND DISINFECTION

3.8.1   Plumbing System

The following tests shall be performed on the plumbing system in accordance 
with UPC, except that the drainage and vent system final test shall include 
the smoke test.  The Contractor has the option to perform a peppermint test 
in lieu of the smoke test.  If a peppermint test is chosen, the Contractor 
must submit a testing procedure to the Contracting Officer for approval.

a.  Drainage and Vent Systems Test.  The final test shall include a 
smoke test.

b.  Building Sewers Tests.

c.  Water Supply Systems Tests.

3.8.1.1   Test of Backflow Prevention Assemblies

Backflow prevention assembly shall be tested using gauges specifically 
designed for the testing of backflow prevention assemblies.  Gauges shall 
be tested annually for accuracy in accordance with the University of 
Southern California's Foundation of Cross Connection Control and Hydraulic 
Research or the American Water Works Association Manual of Cross Connection 
(Manual M-14).  Report form for each assembly shall include, as a minimum, 
the following:

Data on Device                   Data on Testing Firm
Type of Assembly                 Name
Manufacturer                     Address
Model Number                     Certified Tester
Serial Number                    Certified Tester No.
Size                             Date of Test
Location
Test Pressure Readings           Serial Number and Test Data of 
Gauges

If the unit fails to meet specified requirements, the unit shall be 
repaired and retested.

3.8.1.2   Shower Pans

After installation of the pan and finished floor, the drain shall be 
temporarily plugged below the weep holes.  The floor area shall be flooded 
with water to a minimum depth of  1 inch for a period of 24 hours.  Any 
drop in the water level during test, except for evaporation, will be reason 
for rejection, repair, and retest.

 3.8.2   Defective Work

If inspection or test shows defects, such defective work or material shall 
be replaced or repaired as necessary and inspection and tests shall be 
repeated.  Repairs to piping shall be made with new materials.  Caulking of 
screwed joints or holes will not be acceptable.
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3.8.3   System Flushing

3.8.3.1   During Flushing

Before operational tests or disinfection, potable water piping system shall 
be flushed with potable water.  Sufficient water shall be used to produce a 
water velocity that is capable of entraining and removing debris in all 
portions of the piping system.  This requires simultaneous operation of all 
fixtures on a common branch or main in order to produce a flushing velocity 
of approximately 4 fps through all portions of the piping system.  In the 
event that this is impossible due to size of system, the Contracting 
Officer (or the designated representative) shall specify the number of 
fixtures to be operated during flushing.  Contractor shall provide adequate 
personnel to monitor the flushing operation and to ensure that drain lines 
are unobstructed in order to prevent flooding of the facility.  Contractor 
shall be responsible for any flood damage resulting from flushing of the 
system.  Flushing shall be continued until entrained dirt and other foreign 
materials have been removed and until discharge water shows no 
discoloration.  All faucets and drinking water fountains, to include any 
device considered as an end point device by NSF 61, Section 9, shall be 
flushed a minimum of 0.25 gallons per 24 hour period, ten times over a 14 
day period.

3.8.3.2   After Flushing

 System shall be drained at low points.  Strainer screens shall be removed, 
cleaned, and replaced.  After flushing and cleaning, systems shall be 
prepared for testing by immediately filling water piping with clean, fresh 
potable water.  Any stoppage, discoloration, or other damage to the finish, 
furnishings, or parts of the building due to the Contractor's failure to 
properly clean the piping system shall be repaired by the Contractor.  When 
the system flushing is complete, the hot-water system shall be adjusted for 
uniform circulation.  Flushing devices and automatic control systems shall 
be adjusted for proper operation.  Unless more stringent local requirements 
exist, lead levels shall not exceed limits established by 40 CFR 50.12 Part 
141.80(c)(1).  The water supply to the building shall be tested separately 
to ensure that any lead contamination found during potable water system 
testing is due to work being performed inside the building.

3.8.4   Operational Test

Upon completion of flushing and prior to disinfection procedures, the 
Contractor shall subject the plumbing system to operating tests to 
demonstrate satisfactory functional and operational efficiency.  Such 
operating tests shall cover a period of not less than 8 hours for each 
system and shall include the following information in a report with 
conclusion as to the adequacy of the system:

a.  Time, date, and duration of test.

b.  Water pressures at the most remote and the highest fixtures.

c.  Operation of each fixture and fixture trim.
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d.  Operation of each valve, hydrant, and faucet.

e.  Pump suction and discharge pressures.

f.  Temperature of each domestic hot-water supply.

g.  Operation of each floor and roof drain by flooding with water.

h.  Operation of each vacuum breaker and backflow preventer.

i.  Complete operation of each water pressure booster system, 
including pump start pressure and stop pressure.

j.  Compressed air readings at each compressor and at each outlet. 
Each indicating instrument shall be read at 1/2 hour intervals.  
The report of the test shall be submitted in quadruplicate.  The 
Contractor shall furnish instruments, equipment, and personnel 
required for the tests; the Government will furnish the necessary 
water and electricity.

3.8.5   Disinfection

After operational tests are complete, the entire domestic hot- and 
cold-water distribution system shall be disinfected.  System shall be 
flushed as specified, before introducing chlorinating material.  The 
chlorinating material shall be hypochlorites or liquid chlorine.  Except as 
herein specified, water chlorination procedure shall be in accordance with 
AWWA C651 and AWWA C652.  The chlorinating material shall be fed into the 
water piping system at a constant rate at a concentration of at least 50 
parts per million (ppm).  A properly adjusted hypochlorite solution 
injected into the main with a hypochlorinator, or liquid chlorine injected 
into the main through a solution-feed chlorinator and booster pump, shall 
be used.  If after the 24 hour and 6 hour holding periods, the residual 
solution contains less than 25 ppm and 50 ppm chlorine respectively, flush 
the piping and tank with potable water, and repeat the above procedures 
until the required residual chlorine levels are satisfied.  The system 
including the tanks shall then be flushed with clean water until the 
residual chlorine level is reduced to less than one part per million.  
During the flushing period each valve and faucet shall be opened and closed 
several times.  Samples of water in disinfected containers shall be 
obtained from several locations selected by the Contracting Officer.  The 
samples of water shall be tested for total coliform organisms (coliform 
bacteria, fecal coliform, streptococcal, and other bacteria) in accordance 
with AWWA 10079.  The testing method used shall be either the multiple-tube 
fermentation technique or the membrane-filter technique.  Disinfection 
shall be repeated until tests indicate the absence of coliform organisms 
(zero mean coliform density per 100 milliliters) in the samples for at 
least 2 full days.  The system will not be accepted until satisfactory 
bacteriological results have been obtained.

3.9   POSTED INSTRUCTIONS

Framed instructions under glass or in laminated plastic, including wiring 
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and control diagrams showing the complete layout of the entire system, 
shall be posted where directed.  Condensed operating instructions 
explaining preventive maintenance procedures, methods of checking the 
system for normal safe operation, and procedures for safely starting and 
stopping the system shall be prepared in typed form, framed as specified 
above for the wiring and control diagrams and posted beside the diagrams.  
The framed instructions shall be posted before acceptance testing of the 
systems.

3.10   PERFORMANCE OF WATER HEATING EQUIPMENT

Standard rating condition terms are as follows:

EF = Energy factor, overall efficiency.

ET = Thermal efficiency with 70 degrees F delta T.

EC = Combustion efficiency, 100 percent - flue loss when smoke = o 
(trace is permitted).

SL = Standby loss in W/sq. ft. based on 80 degrees F delta T, or in 
percent per hour based on nominal 90 degrees F delta T.

HL = Heat loss of tank surface area.

V = Storage volume in liters

3.10.1   Storage Water Heaters

3.10.1.1   Electric

a.  Storage capacity of  120 gallons or less, and input rating of 12 
kW or less:  minimum energy factor (EF) shall be 0.95-0.00132V per 
10 CFR 430.

b.  Storage capacity of more than  120 gallons or input rating more 
than 12 kW:  maximum SL shall be  1.9 W/sq. ft. per ASHRAE 90.1, 
Addenda B.

3.11   TABLES

TABLE I
PIPE AND FITTING MATERIALS FOR

DRAINAGE, WASTE, AND VENT PIPING SYSTEMS
--------------------------------------------------------------------------
                                                            SERVICE
--------------------------------------------------------------------------
Item #  Pipe and Fitting Materials            A     B    C     D     E   F
--------------------------------------------------------------------------

1  Cast iron soil pipe and fittings, hub      X     X    X     X     X
   and spigot, ASTM A 74 with
   compression gaskets.  Pipe and 
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TABLE I
PIPE AND FITTING MATERIALS FOR

DRAINAGE, WASTE, AND VENT PIPING SYSTEMS
--------------------------------------------------------------------------
                                                            SERVICE
--------------------------------------------------------------------------
Item #  Pipe and Fitting Materials            A     B    C     D     E   F
--------------------------------------------------------------------------
fittings shall be marked with the 
CISPI trademark.

2  Cast iron soil pipe and fittings hubless,        X    X     X     X
   CISPI 301 and
   ASTM A 888.  Pipe and 
fittings shall be marked with the 
CISPI trademark.

3  Cast iron drainage fittings, threaded,     X          X     X
   ASME B16.12 for use with
   Item 10

4  Cast iron screwed fittings (threaded)                       X     X
   ASME B16.4 for use with Item 10

5  Grooved pipe couplings, ferrous and        X     X          X     X
   non-ferrous pipe ASTM A 536
   and ASTM A 47/A 47M

6  Ductile iron grooved joint fittings        X     X          X     X
   for ferrous pipe ASTM A 536
   and ASTM A 47/A 47M for use with
   Item 5

7  Bronze sand casting grooved joint          X     X          X     X
   pressure fittings for non-ferrous pipe
   ASTM B 584, for use with Item 5

8  Wrought copper grooved joint pressure      X     X
   pressure fittings for non-ferrous pipe
   ASTM B 75 C12200,
   ASTM B 152/B 152M, C11000,
   ASME B16.22
   ASME B16.22 for use with Item 5

9  Malleable-iron threaded fittings,                           X     X
   galvanized ASME B16.3
   for use with Item 10

10  Steel pipe, seamless galvanized,          X                X     X
    ASTM A 53/A 53M, Type S, Grade B

11  Seamless red brass pipe, ASTM B 43              X     X
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TABLE I
PIPE AND FITTING MATERIALS FOR

DRAINAGE, WASTE, AND VENT PIPING SYSTEMS
--------------------------------------------------------------------------
                                                            SERVICE
--------------------------------------------------------------------------
Item #  Pipe and Fitting Materials            A     B    C     D     E   F
--------------------------------------------------------------------------
12  Bronzed flanged fittings,                                  X     X
    ASME B16.24 for use
    with Items 11 and 14

13  Cast copper alloy solder joint                             X     X
    pressure fittings, ASME B16.18
    for use with Item 14

14  Seamless copper pipe, ASTM B 42                           X

15  Cast bronze threaded fittings,                             X     X
    ASME B16.15

16  Copper drainage tube, (DWV),              X*    X    X*    X     X
    ASTM B 306

17  Wrought copper and wrought                X     X    X     X     X
    alloy solder-joint drainage
    fittings.  ASME B16.29

18  Cast copper alloy solder joint            X     X    X     X     X
    drainage fittings, DWV,
    ASME B16.23

19  Acrylonitrile-Butadiene-Styrene (ABS)     X     X    X     X     X   X
    plastic drain, waste, and vent pipe
    and fittings ASTM D 2661,
    ASTM F 628

20  Polyvinyl Chloride plastic drain,         X     X    X     X     X   X
    waste and vent pipe and fittings,
    ASTM D 2665,
    ASTM F 891, (Sch 40)
    ASTM F 1760

21  Process glass pipe and fittings,                                     X
    ASTM C 1053

22  High-silicon content cast iron pipe             X                X   X
    and fittings (hub and spigot, and mechanical joint),
 ASTM A 518/A 518M

23  Polypropylene (PP) waste pipe and                                    X
    fittings, ASTM D 4101
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TABLE I
PIPE AND FITTING MATERIALS FOR

DRAINAGE, WASTE, AND VENT PIPING SYSTEMS
--------------------------------------------------------------------------
                                                            SERVICE
--------------------------------------------------------------------------
Item #  Pipe and Fitting Materials            A     B    C     D     E   F
--------------------------------------------------------------------------
24  Filament-wound reinforced thermosetting                              X
    resin (RTRP) pipe, ASTM D 2996

    SERVICE:

    A - Underground Building Soil, Waste and Storm Drain
    B - Aboveground Soil, Waste, Drain In Buildings
    C - Underground Vent
    D - Aboveground Vent
    E - Interior Rainwater Conductors Aboveground
    F - Corrosive Waste And Vent Above And Belowground
    * - Hard Temper

TABLE II
PIPE AND FITTING MATERIALS FOR PRESSURE PIPING SYSTEMS

--------------------------------------------------------------------------
                                                        SERVICE
--------------------------------------------------------------------------
Item No.  Pipe and Fitting Materials          A       B       C     D
--------------------------------------------------------------------------

1  Malleable-iron threaded fittings,          X       X       X     X
   a.  Galvanized, ASME B16.3
   for use with Item 4a

   b.  Same as "a" but not galvanized                         X
   for use with Item 4b

2  Grooved pipe couplings, ferrous pipe       X       X       X
   ASTM A 536 and
   ASTM A 47/A 47M, non-ferrous
   pipe, ASTM A 536 
   and ASTM A 47/A 47M,

3  Ductile iron grooved joint fittings        X       X       X
   for ferrous pipe ASTM A 536
   and ASTM A 47/A 47M, for use
   with Item 2

4  Steel pipe:                                X       X       X      X
   a.  Seamless, galvanized,
   ASTM A 53/A 53M, Type S, Grade B

   b.  Seamless, black,                                       X
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TABLE II
PIPE AND FITTING MATERIALS FOR PRESSURE PIPING SYSTEMS

--------------------------------------------------------------------------
                                                        SERVICE
--------------------------------------------------------------------------
Item No.  Pipe and Fitting Materials          A       B       C     D
--------------------------------------------------------------------------
   ASTM A 53/A 53M,
   Type S, Grade B

5  Seamless red brass pipe,                   X       X              X
   ASTM B 43

6  Bronze flanged fittings,                   X       X              X
   ASME B16.24
   for use with Items 5 and 7

7  Seamless copper pipe,                      X       X              X
   ASTM B 42

8  Seamless copper water tube,                X**     X**     X**    X***
   ASTM B 88, ASTM B 88M

9  Cast bronze threaded fittings,            X       X              X
    ASME B16.15 for use
    with Items 5 and 7

10  Wrought copper and bronze solder-joint    X       X       X      X
    pressure fittings,
    ASME B16.22 for
    use with Items 5, 7 and 8

11  Cast copper alloy solder-joint            X       X       X      X
    pressure fittings,
    ASME B16.18
    for use with Item 8

12  Bronze and sand castings grooved          X       X       X
    joint pressure fittings for non-
    ferrous pipe ASTM B 584,
    for use with Item 2

13  Polyethylene (PE) plastic pipe,           X                      X
    Schedules 40 and 80, based on
    outside diameter
    ASTM D 2447

14  Polyethylene (PE) plastic pipe            X                      X
    (SDR-PR), based on controlled
    outside diameter,
    ASTM D 3035

15  Polyethylene (PE) plastic pipe            X                      X
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TABLE II
PIPE AND FITTING MATERIALS FOR PRESSURE PIPING SYSTEMS

--------------------------------------------------------------------------
                                                        SERVICE
--------------------------------------------------------------------------
Item No.  Pipe and Fitting Materials          A       B       C     D
--------------------------------------------------------------------------
    (SIDR-PR), based on controlled
    inside diameter,
    ASTM D 2239

16  Butt fusion polyethylene (PE) plastic     X                      X
    pipe fittings, ASTM D 3261
    for use with Items 14, 15, and 16

17  Socket-type polyethylene fittings         X                      X
    for outside diameter-controlled
    polyethylene pipe,
    ASTM D 2683
    for use with Item 15

18  Polyethylene (PE) plastic tubing,         X                      X
    ASTM D 2737

19  Chlorinated polyvinyl chloride            X       X              X
    (CPVC) plastic hot and cold
    water distribution system,
    ASTM D 2846/D 2846M

20  Chlorinated polyvinyl chloride            X       X              X
    (CPVC) plastic pipe, Schedule 40
    and 80, ASTM F 441/F 441M

21  Chlorinated polyvinyl chloride            X       X              X
    (CPVC) plastic pipe (SDR-PR)
    ASTM F 442/F 442M

22  Threaded chlorinated polyvinyl chloride   X       X              X
    (chloride CPVC) plastic pipe fittings,
    Schedule 80, ASTM F 437,
    for use with Items 20, and 21

23  Socket-type chlorinated polyvinyl         X       X              X
    chloride (CPVC) plastic pipe
    fittings, Schedule 40,
    ASTM F 438 for use
    with Items 20, 21, and 22

24  Socket-type chlorinated polyvinyl         X       X              X
    chloride (CPVC) plastic pipe fittings
    Schedule 80, ASTM F 439
    for use with Items 20, 21, and 22
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TABLE II
PIPE AND FITTING MATERIALS FOR PRESSURE PIPING SYSTEMS

--------------------------------------------------------------------------
                                                        SERVICE
--------------------------------------------------------------------------
Item No.  Pipe and Fitting Materials          A       B       C     D
--------------------------------------------------------------------------
25  Polyvinyl chloride (PVC) plastic pipe,    X                      X
    Schedules 40, 80, and 120,
    ASTM D 1785

26  Polyvinyl chloride (PVC) pressure-rated   X                      X
    pipe (SDR Series),
    ASTM D 2241

27  Polyvinyl chloride (PVC) plastic pipe     X                      X
    fittings, Schedule 40,
    ASTM D 2466

28  Socket-type polyvinyl chloride (PVC)      X                      X
    plastic pipe fittings, schedule 80,
    ASTM D 2467
for use with Items 26 and 27

29  Threaded polyvinyl chloride (PVC)         X                      X
    plastic pipe fittings, schedule 80,
    ASTM D 2464

30  Joints for IPS pvs pipe using solvent     X                      X
    cement, ASTM D 2672

31  Filament-wound reinforced                 X       X
    thermosetting resin (RTRP) pipe,
    ASTM D 2996

32  Steel pipeline flanges,                   X       X
    MSS SP-44

33  Fittings: brass or bronze;                X       X
    ASME B16.15, and
    ASME B16.18
    ASTM B 828

34  Carbon steel pipe unions,                 X       X       X
    socket-welding and threaded,
    MSS SP-83

35  Malleable-iron threaded pipe              X       X
    unions ASME B16.39

36  Nipples, pipe threaded                    X       X       X
    ASTM A 733
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TABLE II
PIPE AND FITTING MATERIALS FOR PRESSURE PIPING SYSTEMS

--------------------------------------------------------------------------
                                                        SERVICE
--------------------------------------------------------------------------
Item No.  Pipe and Fitting Materials          A       B       C     D
--------------------------------------------------------------------------
37  Crosslinked Polyethylene (PEX)            X                      X
    Plastic Pipe ASTM F 877.

    A - Cold Water Service Aboveground
    B - Hot and Cold Water Distribution 180 degrees F Maximum Aboveground
    C - Compressed Air Lubricated
    D - Cold Water Service Belowground
    Indicated types are minimum wall thicknesses.
    ** - Type L - Hard
    *** - Type K - Hard temper with brazed joints only or type K-soft temper 
without joints in or under floors
    **** - In or under slab floors only brazed joints

TABLE III
STANDARD RATING CONDITIONS AND MINIMUM PERFORMANCE RATINGS FOR WATER HEATING

EQUIPMENT

A.  STORAGE WATER HEATERS

         STORAGE
         CAPACITY        INPUT
FUEL     GALLONS         RATING      TEST PROCEDURE        REQUIRED 
PERFORMANCE

Elect.  120 max.       12 kW max.   10 CFR 430    EF = 0.95-0.00132V
                                                                minimum

Elect.  120 min.  OR   12 kW min.   ASHRAE 90.1   SL = 1.9 W/sq. ft.
                                      (Addenda B)               maximum

TERMS:

EF = Energy factor, overall efficiency.
ET = Thermal efficiency with 70 degrees F delta T.
EC = Combustion efficiency, 100 percent - flue loss when smoke = 0
     (trace is permitted).
SL = Standby loss in W/sq. ft. based on 80 degrees F delta T, or in
     percent per hour based on nominal 90 degrees F delta T.
HL = Heat loss of tank surface area
 V = Storage volume in gallons

        -- End of Section --
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SECTION 15741N

WATER SOURCE HEAT PUMP SYSTEMS
02/03

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AIR-CONDITIONING AND REFRIGERATION INSTITUTE (ARI)

ARI 330 (1998) Ground Source Closed-Loop Heat Pumps

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI B16.18 (1984; R 1994) Cast Copper Alloy Solder 
Joint Pressure Fittings

ANSI B16.23 (1992; Errata 1994) Cast Copper Alloy 
Solder Joint Drainage Fittings - DWV

ANSI Z21.22 (1999; A 2001) Relief Valves for Hot Water 
Supply Systems

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ASHRAE Hdbk-IP (2001) Fundamentals Handbook,I-P Edition

AMERICAN SOCIETY OF SANITARY ENGINEERING (ASSE)

ASSE 1003 (2001) Water Pressure Reducing Valves

ASME INTERNATIONAL (ASME)

ASME B16.11 (2002) Forged Fittings, Socket-Welding and 
Threaded

ASME B16.22 (2002) Wrought Copper and Copper Alloy 
Solder Joint Pressure Fittings

ASME B16.26 (1988) Cast Copper Alloy Fittings for 
Flared Copper Tubes

ASME B16.3 (1998) Malleable Iron Threaded Fittings

ASME B16.39 (1998) Malleable Iron Threaded Pipe Unions
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ASME B16.5 (2003) Pipe Flanges and Flanged Fittings

ASME B16.9 (2003) Factory-Made Wrought Steel 
Buttwelding Fittings

ASME B31.5 (2001) Refrigeration Piping and Heat 
Transfer Components

ASME B31.9 (1996) Building Services Piping

ASME BPVC (2004) Boiler and Pressure Vessel Codes

ASTM INTERNATIONAL (ASTM)

ASTM A 106 (2002a) Seamless Carbon Steel Pipe for 
High-Temperature Service

ASTM A 126 (2004) Gray Iron Castings for Valves, 
Flanges, and Pipe Fittings

ASTM A 193/A 193M (2004c) Alloy-Steel and Stainless Steel 
Bolting Materials for High-Temperature 
Service

ASTM A 194/A 194M (2004a) Carbon and Alloy Steel Nuts for 
Bolts for High Pressure or High 
Temperature Service or Both

ASTM A 53 (1999b) Pipe, Steel, Black and Hot-Dipped, 
Zinc-Coated, Welded and Seamless

ASTM B 280 (2003) Seamless Copper Tube for Air 
Conditioning and Refrigeration Field 
Service

ASTM B 306 (2002) Copper Drainage Tube (DWV)

ASTM B 32 (2004) Solder Metal

ASTM B 42 (2002e1) Seamless Copper Pipe, Standard 
Sizes

ASTM B 62 (2002) Composition Bronze or Ounce Metal 
Castings

ASTM B 88 (2003) Seamless Copper Water Tube

ASTM D 1177 (1994; R 1998e1) Freezing Point of Aqueous 
Engine Coolants

ASTM D 2447 (2003) Polyethylene (PE) Plastic Pipe, 
Schedules 40 and 80, Based on Outside 
Diameter
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ASTM D 2513 (2004a) Thermoplastic Gas Pressure Pipe, 
Tubing, and Fittings

ASTM D 2683 (2004) Socket-Type Polyethylene Fittings 
for Outside Diameter-Controlled 
Polyethylene Pipe and Tubing

ASTM D 3035 (2003a) Polyethylene (PE) Plastic Pipe 
(DR-PR) Based on Controlled Outside 
Diameter

ASTM D 3261 (2003) Butt Heat Fusion Polyethylene (PE) 
Plastic Fittings for Polyethylene (PE) 
Plastic Pipe and Tubing

ASTM D 3350 (2002a) Polyethylene Plastics Pipe and 
Fittings Materials

ASTM D 92 (2002b) Flash and Fire Points by Cleveland 
Open Cup Tester

ASTM F 1105 (2003) Preparing Aircraft Cleaning 
Compounds, Liquid-Type, 
Temperature-Sensitive, or Solvent-Based, 
for Storage Stability Testing

FOUNDATION FOR CROSS-CONNECTION CONTROL AND HYDRAULIC RESEARCH 
(FCCCHR)

FCCCHR List (continuously updated) List of Approved 
Backflow Prevention Assemblies

INTERNATIONAL GROUND SOURCE HEAT PUMP ASSOCIATION (IGSHPA)

IGSHPA 21010 (1991) Grouting Procedures for 
Ground-Source Heat Pump Systems

IGSHPA 21020 (1988) Closed-Loop/Ground-Source Heat Pump 
System/Installation Guide

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-58 (2002) Pipe Hangers and Supports - 
Materials, Design and Manufacture

MSS SP-67 (2002) Butterfly Valves

MSS SP-69 (2002) Pipe Hangers and Supports - 
Selection and Application

MSS SP-70 (1998) Cast Iron Gate Valves, Flanged and 
Threaded Ends
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MSS SP-71 (1997) Gray Iron Swing Check Valves, 
Flanged and Threaded Ends

MSS SP-80 (2003) Bronze Gate, Globe, Angle and Check 
Valves

MSS SP-85 (2002) Cast Iron Globe & Angle Valves, 
Flanged and Threaded Ends

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2005) National Electrical Code

UNDERWRITERS LABORATORIES (UL)

UL 94 (1996; Rev thru Dec 2003) Tests for 
Flammability of Plastic Materials for 
Parts in Devices and Appliances

1.2   SYSTEM DESCRIPTION

Provide new and modify existing heat pump systems complete and ready for 
operation.  Systems include heat pumps, system equipment and condenser.  
Installation of HVAC system including equipment, materials, installation, 
workmanship, fabrication, assembly, erection, examination, inspection, and 
testing shall be in accordance with ASME B31.9, ASME B31.5, ASHRAE Hdbk-IP, 
IGSHPA 21010, IGSHPA 21020, NFPA 70, as supplemented and modified by this 
section. Provide ground coupled condenser loop piping by the requirements 
of this section.

1.3   RELATED REQUIREMENTS

Requirements for metal duct systems are specified in Section 15895 AIR 
SUPPLY, DISTRIBUTION, VENTILATION, AND EXHAUST SYSTEMS.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Ground heat exchanger piping system as-Built drawings; G

SD-03 Product Data

Product data for integral or appurtenant space temperature 
controls (STC) supplied with the listed equipment shall include 
shall include point-to-point electrical wiring diagrams for each 
STC.
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Water-source water-to-air heat pumps; G-AE

Ground heat exchanger piping system; G-AE

Valves; G-AE

Specialty valves; G-AE

Expansion tanks; G-AE

Air separators; G-AE

Antifreeze; G-AO, G-AE

SD-06 Test Reports

Piping welds NDE report

Water-source water-to-air heat pumps - field acceptance test plan; 
G-AO

Water-source water-to-air heat pumps - field acceptance test report

SD-07 Certificates

Employer's record documents    

 Welding procedures and qualifications    

Qualifications of ground heat exchanger fabricators

Qualifications of ground heat exchanger installers

SD-10 Operation and Maintenance Data

Water-source water-to-air heat pumps, Data Package 2

 Submit in accordance with Section 01781 OPERATION AND MAINTENANCE 
DATA.

1.5   QUALITY ASSURANCE

1.5.1   Ground heat exchanger piping system As-Built Drawings

Provide dimensioned as-built drawings of each complete ground heat 
exchanger piping system, depicting its relationship to other utilities and 
buildings in its proximity before burying, covering, or concealing. 
Drawings shall be of a quality equivalent to the contract design drawings.  
The as-built drawings of the installed ground heat exchanger piping system 
shall be laminated or stored in a clear plastic envelope and affixed 
visibly to the heat pump unit or on the wall in the mechanical room if 
serving a system of multiple heat pumps.  A permanent label shall be 
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affixed to each heat pump unit indicating basic information for that unit.  
The information shall include:  nominal flow rate gpm, pressure drop feet, 
temperature drop/rise degree F, and capacity  Btu/hr.

1.5.2   Piping Welding Requirements 

Provide welding work specified this section for piping systems in 
conformance with ASME B31.9, as modified and supplemented by this 
specification section and the accompanying drawings.  The welding work 
includes: qualification of welding procedures, welders, welding operators, 
brazers, brazing operators, and nondestructive examination personnel; 
maintenance of welding records, and examination methods for welds.

1.5.3   Employer's Record Documents

Submit to the Contracting Officer for their review and approval the 
following documentation.  This documentation and the subject qualifications 
shall be in compliance with ASME B31.9.

a.  List of qualified welding procedures that is proposed to be used 
to provide the work specified in this specification section.

b.  List of qualified welders, brazers, welding operators, and brazing 
operators that are proposed to be used to provide the work 
specified in this specification section.

c.  List of qualified weld examination personnel that are proposed to 
be used to provide the work specified in this specification 
section.

1.5.4   Welding Procedures and Qualifications

a.  Specifications and Test Results:  Submit copies of the welding 
procedures specifications and procedure qualification test results 
for each type of welding required.  Approval of any procedure does 
not relieve the Contractor of the responsibility for producing 
acceptable welds.  Submit this information on the forms printed in 
ASME BPVC SEC IX or their equivalent.

b.  Certification:  Before assigning welders or welding operators to 
the work, submit a list of qualified welders, together with data 
and certification that each individual is performance qualified as 
specified.  Do not start welding work prior to submitting welder, 
and welding operator qualifications.  The certification shall 
state the type of welding and positions for which each is 
qualified, the code and procedure under which each is qualified, 
date qualified, and the firm and individual certifying the 
qualification tests.

1.5.5   Welding Examinations

Conduct non-destructive examinations (NDE) on piping welds and verify welds 
meet the acceptance criteria specified in ASME B31.9.  NDE on piping welds 

SECTION 15741N  Page 9



Air Traffic Control Tower, Offutt AFB, NE OF33

covered by ASME B31.9 is visual inspection only.  Submit a piping welds NDE 
report meeting the requirements specified in ASME B31.9.

1.5.6   Qualifications of Ground Heat Exchanger Fabricators

The only acceptable method for joining buried pipe systems is by a heat 
fusion process.  Submit documentation substantiating the following 
qualifications:  ground heat exchanger fabricators shall have completed a 
heat fusion school in which each participant has performed a heat fusion 
procedure under direct supervision of an approved manufacturing 
certification program, or a DOT certified heat fusion technician.  

1.5.7   Qualifications of Ground Heat Exchanger Installers

Submit documentation substantiating the following qualifications:  
installers shall have completed an approved manufacturer's certification 
program and shall have successfully completed at least two projects with 
ground heat exchanger work similar in size and complexity to that required 
for this project within the last 4 years.

 PART 2   PRODUCTS

2.1   EQUIPMENT

Equipment using refrigerants R-11, R-12, R-113, R-114, R-115, R-500, or 
refrigerants with ozone depletion factor (ODF) greater than 0.05 will not 
be permitted.

2.1.1   Water-Source Water-to-Air Heat Pumps (WSHP)

 Provide ground-coupled closed-loop water-to-air heat pump (extended range) 
units factory assembled, designed, tested, and rated in accordance with ARI 
330.  Units shall be ARI certified, or listed in ARI directory.  Units 
shall include fans, refrigerant-to-air heat exchangers, filters, dampers, 
compressor, reversing valve, expansion valve, refrigerant-to-water heat 
exchangers, hose kits, and controls.  A permanent label shall be affixed to 
each heat pump unit indicating basic information for that unit.  The 
information shall include:  nominal flow rate gpm, pressure drop feet, 
temperature drop/rise degree F, and capacity  Btu/hr.

a.  Cabinet:  Provide manufacturer's standard galvanized steel cabinet 
finished with corrosion resistant epoxy coating or lacquer 
acrylic.  Provide access panels for inspection and access to 
internal parts.  Insulate cabinet with minimum 1/2 inch 
multi-density, fiberglass insulation with exposed edges sealed or 
tucked under flanges to prevent introduction of fibers into the 
airstream.  Female threaded pipe condensate drain connections, 
supply water connections, and return water connections shall be 
copper threaded fittings mechanically fastened to the cabinet.  
Water piping shall be insulated.  Construct cabinet with 
compartments and locate the compressor, reversing valve, and water 
coil out of the airstream.  Insulate the divider between the 
compressor and fan sections.  The control box shall be located 
within the unit.
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b.  Fans:  Provide centrifugal type, direct drive fans with 
permanently lubricated motors.  Motors shall be permanent split 
capacitor (PSC) type with thermal overload protection.

c.  Refrigerant-to-Air Heat Exchanger:  Provide coil constructed of 
rifled copper tubes with plate aluminum fins designed for 
refrigerant working pressure of 450 psi.  The condensate drain pan 
shall be epoxy coated and insulated.  Provide internal traps on 
vertical units.  Provide drain pan with overflow protection.

d.  Filter Section:  Provide replaceable (throwaway) 2 inch thick UL 
listed fiberglass type filters with standard dust-holding capacity . 
 Mount filters in filter frames and provide access panels or doors 
for removal and replacement of filters.

e.  Compressor:  Provide hermetically sealed type compressor, 
installed on vibration isolators enclosed in an acoustically 
treated enclosure.  Provide high and low pressure switches, low 
suction temperature cut-out, motor thermal overload protection, 5 
minute anti-recycle timer, and start capacitor kit.  Provide 
capability to reset compressor lockout circuit at the remote 
thermostat and at the disconnect.  

f.  Reversing Valve:  Provide solenoid activated refrigerant reversing 
valves energized only during the cooling mode and designed to fail 
in the heating position.

g.  Refrigerant-to-Water Heat Exchangers:  Heat exchanger shall be 
tested and rated for 450 psi refrigerant working pressure.  A 
parallel capillary tube/thermal expansion valve assembly shall 
provide superheat over 30 to 110 degree F liquid temperature range.

h.  Emergency Heater:  Provide UL or ETL listed, electric resistance 
heater with internal fusing integral with heat pump unit; fan 
shall run until heater cools.  Locate downstream of indoor coil.

i.  Hose Kits:  Kits shall include two 2 foot long metal braided hoses 
with swivel connectors on one end, an manual flow control valve 
with test ports, two shutoff ball valves with memory stops (one 
with test port), blow down ball valve, and Y-strainer.  Hoses 
shall be fire rated to meet UL 94.  Hoses shall have a maximum 
working pressure of 300 psi.

j.  Hanger Kits:  Provide horizontal units with hanger kits consisting 
of galvanized steel brackets, bolts, washers, and vibration 
isolators.  The hanger kit shall be designed to support the unit 
from below and suspend from threaded rods.

k.  Controls:  Controls and safety devices shall be factory wired and 
mounted within the control box of the unit cabinet.

(1)  Provide a microprocessor based controller that communicates 
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with an electronic multi-stage space thermostat.  The 
microprocessor shall control sequencing, high and low pressure 
switch monitoring, freeze protection, lockout control, night 
setback, emergency shutdown, short cycle protection, random start, 
LED mode and fault indicators, fault memory, input and output 
diagnostics, and a communications port.  Provide a 
factory-installed low voltage terminal block for field control 
wiring and a low voltage transformer.  Provide communications 
capability for remote direct digital control (DDC).  

l.  Space Temperature Controls:  Space temperature controls shall be 
provided by the Controls Contractor per Section 15951, DIRECT 
DIGITAL CONTROL FOR HVAC AND OTHER LOCAL BUILDING SYSTEMS.

2.1.2   Pumps

    2.1.2.1   End Suction Water Pumps

Pumps shall be single stage centrifugal, with mechanical seals and 
drip-proof electric motors.  Impeller shall be bronze.  Other pump parts 
shall be manufacturer's standard materials provided with bronze impeller 
pump.  Provide threaded suction and discharge pressure gage tapping with 
square-head plugs.  Provide flexible coupling with steel cover guard on 
base-mounted pumps.  Base-mounted pump, coupling guard, and motor shall 
each be bolted to a fabricated steel base which shall have bolt holes for 
securing base to supporting surface.  Close-coupled pump shall be provided 
with integrally cast or fabricated steel feet with bolt holes for securing 
feet to supporting surface.

Provide pump suction diffuser.  Pump casing shall include an angle type 
body of cast iron.  Unit shall have internal straightening vanes, strainer 
with minimum 0.25 inch openings, and auxiliary disposable fine mesh 
strainer which shall be removed 30 days after start-up.  Provide warning 
tag for operator indicating scheduled date for removal.  Casing shall have 
connection sizes to match pump suction and pipe sizes, and be provided with 
adjustable support foot or support foot boss to relieve piping strains at 
pump suction.  Blowdown port and plug shall be provided on unit casing.  
Provide a magnetic insert to remove debris from system.

2.2   ELECTRICAL

2.2.1   Electrical Motors, Controllers, Contactors, and Disconnects

Furnish with respective pieces of equipment.  Motors, controllers, 
contactors, and disconnects shall conform to Section 16402 INTERIOR 
DISTRIBUTION SYSTEM.  Provide electrical connections under Section 16402 
INTERIOR DISTRIBUTION SYSTEM.  Provide controllers and contactors with 
maximum of 120-volt control circuits, and auxiliary contacts for use with 
controls furnished.  When motors and equipment furnished are larger than 
sizes indicated, the cost of providing additional electrical service and 
related work shall be included under this section.

2.2.2   Electrical Work
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Provide in accordance with Section 16402 INTERIOR DISTRIBUTION SYSTEM.  
Provide control wiring in accordance with Section 15951 DIRECT DIGITAL 
CONTROL FOR HVAC AND OTHER LOCAL BUILDING SYSTEMS.  

2.3   ABOVEGROUND PIPING SYSTEMS

Provide the following pipe and fittings.  Provide dielectric fittings, 
unions, or flanges between steel piping and copper tubing for all piping 
sizes; except that copper alloy valves and strainers may be used without 
dielectric fittings, unions, or flanges.  Water piping sizes 2 inches and 
smaller shall be copper tubing.  Water piping sizes larger than
 2 inches shall be steel piping.

2.3.1   Copper Tubing Systems

Provide copper tubing for the following systems.

a.  Copper condensate drain piping from drain pans.

b.  Copper refrigerant tubing.

c.  Heat pump loop water piping aboveground or within mechanical spaces.

2.3.1.1   Copper Condensate Drain Piping

Provide copper tubing in accordance with ASTM B 88, Type L or M for piping 
sizes one inch and smaller.  Provide ASTM B 306 copper tubing and ANSI 
B16.23 solder joint fittings for piping sizes larger than one inch.  In 
lieu of copper tubing, 1.25 inch Schedule 40 polyvinyl chloride (PVC) 
plastic pipe, fittings, and solvent cement may be provided.

2.3.1.2   Copper Refrigerant Tubing

Provide ASTM B 280, cleaned, dehydrated, and sealed.  Provide ASME B16.22 
solder joint refrigerant fittings and adapters.  Provide silver brazing 
alloy solder and silver brazing alloy flux.  During brazing operations 
bleed a small amount of dry oil-free nitrogen continuously through the 
refrigerant tubing.  Provide ASME B16.26flared fittings.

2.3.1.3   Soldered Joint Copper Tubing Systems

For heat pump loop water piping, provide ASTM B 88, Type L or M for 
aboveground piping, Type K for buried piping, with ANSI B16.18 or ASME 
B16.22 solder joint fittings, unions, and flanges; provide adapters as 
required.  Provide ASTM B 42 copper pipe nipples with threaded end 
connections.  Provide ASTM B 32, 95-5 tin-antimony (Sn-Pb) solder.

2.3.2   Steel Piping Systems

Provide steel piping for the following piping systems.

a.  Heat pump loop water piping aboveground or within mechanical spaces.

b.  Ground heat exchanger piping within valve pits.
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2.3.2.1   Steel Pipe

Provide ASTM A 53 Type E or Type S, or ASTM A 106 steel pipe; except ASTM A 
53, Type F steel pipe may be provided for water pipe sizes larger than 2 
inches.  Provide Weight Class STD or Schedule No. 40 black steel pipe for 
welding end connections.  Provide Weight Class XS or Schedule No. 80 black 
steel pipe for threaded end connections.

2.3.2.2   Steel Pipe Fittings

Provide ASME B16.3 or ASME B16.11 threaded fittings, and ASME B16.39 
threaded unions.  Provide ASME B16.9 buttwelding fittings of the same 
material and weight as the piping in which fittings are installed; provide 
backing rings compatible with piping materials being butt welded.  Provide 
ASME B16.11 socket welding fittings.

2.3.2.3   Steel Pipe Unions

Provide ASME B16.39, Class 150, unions with threaded end connections on one 
side of threaded valve in steel piping systems.

2.3.2.4   Steel Pipe Flanges

Provide ASME B16.5, Class 150 welding neck flanges.  Extend bolts no less 
than two full threads beyond the nut with the bolts tightened to the 
required torque.

a.  Gaskets:  Provide one piece factory cut gaskets suitable for the 
intended service.  Provide full-face gaskets for flat-face flanged 
joints, and ring gaskets for raised-face flanged joints.

b.  Bolts:  Provide ASTM A 193/A 193M, Grade B7 bolts.

c.  Nuts:  ASTM A 194/A 194M, Grade 7.

d.  Washers:  Provide steel flat circular washers under bolt heads and 
nuts.

2.3.3   Valves

Valves shall have flanged end connections, except valves smaller than 2.5 
inches may have threaded end connections with a union on one side of the 
valve.  Solder end connections may be used for connections between copper 
alloy valves and copper tubing.

2.3.3.1   Gate Valves

MSS SP-80, Class 125, except sizes 2.5 inches and larger shall conform to 
MSS SP-70, Class 125.

2.3.3.2   Globe and Angle Valves

MSS SP-80, Class 125, except sizes 2.5 inches and larger shall conform to 
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MSS SP-85, Class 125.

2.3.3.3   Check Valves

MSS SP-80, Class 125, swing check; except sizes 2.5 inches and larger shall 
conform to MSS SP-71, Class 125.

2.3.3.4   Butterfly Valves

MSS SP-67, except sizes 2.5 inches and larger shall have lugged or wafer 
body designed for installation between ASME Class 150 flanges.  Valves 
shall have two-position lever handles.

2.3.3.5   Ball Valves

Full port design, copper alloy body, except sizes 2.5 inchesand larger 
shall be cast-iron body.  Valves shall have two-position lever handles 
unless indicated otherwise.  Ball valves may be provided in lieu of 
butterfly valves and gate valves.

2.3.3.6   Vent Valves

Provide manual vent valves designed to be operated manually with 
screwdriver or thumbscrew, 1/8 inch NPS connection.  The valve material 
shall be compatible with the working fluid (antifreeze).

2.3.3.7   Water Relief Valves

Provide water relief valves as indicated, and in accordance with ASME BPVC. 
 Bronze body, test level, ASME rated.  Pressure relief at 30 psi.

2.3.4   Specialty Valves

2.3.4.1   Combination Pressure and Temperature Relief Valves

ANSI Z21.22, copper alloy body, automatic reseating, with test lever. 
Discharge capacity pressure relief setting shall be 125 psi and temperature 
setting of 210 degrees F based on AGA temperature steam rating.

2.3.4.2   Water Pressure Reducing Valves

ASSE 1003, copper alloy body, automatic reseating, with test lever.

2.3.4.3   Water Temperature Regulating Valves

Provide copper alloy body, direct acting, pilot operated, for the intended 
service.

2.3.4.4   Flow Control Balancing Valves

Copper alloy or cast iron body, copper alloy, or stainless internal working 
parts, and integral pointer that indicates the degree of valve opening.  
Valves shall be suitable for 125 psi at 190 degrees F hot water.  Valve 
shall function as a service valve when in fully closed position.  Valve 
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body shall have factory-installed tappings for differential pressure meter 
connections for verification of pressure differential across valve orifice. 
 Meter connections shall have positive check valves or shutoff valves.  
Each valve shall have metal tag showing the gallons per minute flow for 
each differential pressure reading.

2.3.4.5   Backflow Prevention Assemblies

Provide reduced pressure principle type backflow prevention assemblies 
which are approved by and have a current "Certificate of Approval" from the 
FCCCHR List.  Listing of the particular make, model/design, and size in the 
current FCCCHR List will be acceptable as the required proof.

2.4   GROUND HEAT EXCHANGER PIPING SYSTEM

Provide polyethylene pipe and fittings for the underground portions of the 
ground heat exchanger.  Use of polyvinyl chloride (PVC) pipe and fittings 
is not permitted.

2.4.1   Polyethylene Pipe

Pipe shall be manufactured from virgin high density polyethylene extrusion 
material in accordance with ASTM D 2513 with PE345434C or PE355434C cell 
classification and UV stabilizer of C, D, or E as specified in ASTM D 3350. 
 Provide ASTM D 3035 pipe with a standard dimension ratio (SDR) of 11.0 for 
pipe less than 1.25 inches diameter.  Provide ASTM D 2447, Schedule 40 or 
ASTM D 3035 pipe with a minimum SDR of 13.5 for pipe 1.25 inches diameter 
or greater, and a minimum SDR of 17.0 for pipe 3 inches diameter or 
greater.  Provide ASTM D 3035 pipe in vertical bores greater than 200 feet 
deep with a SDR of 11.0.

2.4.2   Fittings

Provide ASTM D 3261 butt and saddle fusion fittings and ASTM D 2683socket 
fusion fittings manufactured in accordance with ASTM D 2513.  Barbed 
fittings and hose clamps are not permitted in polyethylene pipe systems.

2.4.2.1   U-bends

Provide factory-fused, injection-molded 180 degree U-bend assemblies 
equipped with anti-buoyancy devices.

2.4.2.2   Threaded Transition Fittings

Provide ASTM D 2513 reinforced threaded steel-to-polyethylene fittings.  
Fittings shall have a factory applied external epoxy coating.

2.5   PIPING ACCESSORIES

2.5.1   Pipe Hangers and Supports

Provide MSS SP-58 and MSS SP-69. Type 1 with adjustable type steel support 
rods, except as specified or indicated otherwise.  Attach to steel joists 
with Type 19 or 23 clamps and retaining straps.  Attach to Steel W or S 
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beams with Type 21, 28, 29, or 30 clamps.  Attach to steel angles and 
vertical web steel channels with Type 20 clamp with beam clamp channel 
adapter.  Attach to horizontal web steel channel and wood with drilled hole 
on centerline and double nut and washer.  Attach to concrete with Type 18 
insert or drilled expansion anchor.  Provide Type 40 insulation protection 
shields for insulated piping.

2.5.2   Strainers

ASTM A 126, Class B, flanged iron body, for 2.5 inches and larger.  ASTM B 
62, cast iron or bronze for 2 inches and smaller.  Provide basket or Y 
type.  Tee type is acceptable for water service.  Provide screens 
constructed of bronze, monel metal, or 18-8 stainless steel, free area not 
less than 2.5 times pipe area, with perforations as follows:

a.  3 inches and smaller:  0.045 inches diameter perforations for 
liquids.

b.  4 inches and larger:  0.125 inches diameter perforations for 
liquids.

2.5.3   Pressure/Temperature Test Provisions

2.5.3.1   Pete's Plug

Provide 0.5 inch MPT by 3 inches long, brass body and cap, with retained 
safety cap, nordel self-closing valve cores, permanently installed in 
piping where shown, or in lieu of pressure gage test connections shown on 
the drawings.

2.5.3.2   Testing Accessories

Provide one each of the following test items to the Contracting Officer:

a.  0.25 inch FPT by 0.125 inch diameter stainless steel pressure gage 
adapter probe for extra long test plug.

b.  3.5 inch diameter, one percent accuracy, compound pressure gage, 0 
to 200 psi range.

c.  -20 to 120 degree F pocket thermometer one-half degree accuracy, 
one inch dial, 5 inch long stainless steel stem, plastic case.

2.5.4   Thermometers

Provide bi-metal dial type thermometers with stainless steel case, stem, 
and fixed thread connection; 3 inch diameter dial with glass face gasketed 
within the case; and accuracy within 2 percent of scale range.  Provide 
scale range for intended service.

2.5.5   Flexible Pipe Connectors

Provide flexible bronze or stainless steel piping connectors with single 
braid where indicated.  Connectors shall be suitable for the intended 
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service.

2.5.6   Expansion Tanks

Construct of steel for minimum working pressure of 125 psi.  Tank shall 
have polypropylene or butyl lined diaphragm which keeps the air charge 
separated from the water.

2.5.7   Air Separators

Provide tangential inlet and outlet connections, blowdown connections, and 
internal perforated stainless steel air collector tube to direct released 
air to automatic air vent.  Construct of steel for minimum working pressure 
of 125 psi.  

2.5.8   Pipe Sleeves

Except as indicated otherwise, provide pipe sleeves as specified in this 
section. Provide where piping passes entirely through walls, ceilings, 
roofs, and floors.  Secure sleeves in position and location during 
construction.  Provide sleeves of sufficient length to pass through entire 
thickness of walls, ceilings, roofs, and floors.  Provide one inch minimum 
clearance between exterior of piping or pipe insulation, and interior of 
sleeve or core-drilled hole.  Firmly pack space with mineral wool 
insulation.  Seal space at both ends of sleeve or core-drilled hole with 
plastic waterproof cement which will dry to a firm but pliable mass, or 
provide a mechanically adjustable segmented elastomeric seal.  In fire 
walls and fire floors, seal both ends of sleeves or core-drilled holes with 
UL listed fill, void, or cavity material.

2.5.8.1   Sleeves in Masonry and Concrete

Provide steel pipe sleeves.  Sleeves are not required where drain, waste, 
and vent (DWV) piping passes through concrete floor slabs located on grade. 
 Core drilling of masonry and concrete may be provided in lieu of pipe 
sleeves when cavities in the core-drilled hole are completely grouted 
smooth.

2.5.8.2   Sleeves Not in Masonry and Concrete

Provide 26 gage thick galvanized steel sheet pipe sleeves.

2.5.9   Escutcheon Plates

Provide one piece or split hinge metal plates for piping entering floors, 
walls, and ceilings in exposed spaces.  Provide polished stainless steel 
plates or chromium-plated finish on copper alloy plates in finished spaces. 
 Provide paint finish on metal plates in unfinished spaces.

2.6   ACCESS DOORS FOR VALVES

Provide factory fabricated and primed flush face steel access doors 
including steel door frame equipped with continuous hinges and 
turn-screw-operated latch.  Provide door frame installation in plaster and 
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masonry walls.

2.7   AUXILIARY DRAIN PAN, DRAIN CONNECTIONS, AND DRAIN LINES

Provide galvanized steel auxiliary drain pans under units where indicated.  
Provide separate drain lines for the unit drain and auxiliary drain pans.  
Trap drain pans from the bottom to ensure complete pan drainage.  Provide 
drain lines full size of drain opening.  Traps and piping to drainage 
disposal points shall conform to Section 15400 PLUMBING, GENERAL PURPOSE.

2.8   ANTIFREEZE PROTECTION

Provide propylene glycol antifreeze solution which meets local and State 
requirements and is acceptable to heat pump component manufacturers.  The 
antifreeze shall be used in closed-loop ground source heat pump systems for 
the transfer of energy to provide heating and cooling.  The fluid shall 
contain the necessary corrosion inhibitors to protect pipe and equipment 
from attack by the antifreeze solution utilized.

2.8.1   Biodegradability

The fluid shall not be less than 90 percent biodegradable.

2.8.2   Properties

The fluid shall conform to the following requirements, and tests shall be 
performed in accordance with specified test methods on the fluid.

2.8.2.1   Flash Point

The flash point shall not be lower than 194 degrees F, determined in 
accordance with ASTM D 92.

2.8.2.2   Biological Oxygen Demand (BOD)

For 5 days the BOD, at 50 degrees F, shall not exceed  0.007 ounce oxygen 
per gram nor be less than 0.0035 ounce oxygen per gram.

2.8.2.3   Freezing Point

The freezing point shall not exceed  15 degrees F, determined in accordance 
with ASTM D 1177.

2.8.2.4   Toxicity

The toxicity shall not be less than LD 50 (oral-rats) of 0.175 ounce per 
kilogram.  The NFPA hazardous material rating for health shall not be more 
than 1 (slight).

2.8.2.5   Storage Stability

The fluid, tested in accordance with ASTM F 1105, shall neither show 
separation from exposure to heat or cold nor show an increase in turbidity.
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2.8.3   Quality

The fluid, shall be homogeneous, uniform in color, and free from skins, 
lumps, and foreign materials detrimental to usage of the fluid.

2.9   CHEMICAL FEED TANK

Construct of steel for minimum working pressure of 125 psi.  Provide 
chemical pipe, fittings, and valves as specified for water piping.

2.9.1   Aboveground Heat Pump Loop Water Piping System

Add borate-nitrite corrosion inhibitors, acceptable to heat pump component 
manufacturers, to initial fill water for heating and cooling water systems 
in concentrations of 0.5 ounce/gal of system water if corrosion inhibitors 
are not contained in freeze protection solution in the ground heat 
exchanger loop.

2.9.2   Ground Heat Exchanger Piping

Provide corrosion inhibitors acceptable to heat pump manufacturers with 
concentrations suitable for each system and appropriate for the antifreeze 
used.

PART 3   EXECUTION

3.1   INSTALLATION

3.1.1   Heat Pump System

Maintenance access to each piece of equipment shall not be compromised by 
any type of piping, electrical conduit, or any other utility. Further, 
install equipment in accordance with the manufacturer's written 
installation instructions, including the following:

Water-source water-to-air heat pumps - installation instructions

3.1.2   Connections to Existing Systems

Notify the Contracting Officer in writing at least 15 calendar days prior 
to the date the connections are required.  Obtain approval before 
interrupting service.  Furnish materials required to make connections into 
existing systems and perform excavating, backfilling, compacting, and other 
incidental labor as required.  Furnish labor and tools for making actual 
connections to existing systems.  Flush existing systems in accordance with 
paragraph entitled "Flushing the Ground Heat Exchanger" prior to making 
connections.

3.2   ABOVEGROUND PIPING

Provide unions in piping to facilitate removal of heat pump for maintenance 
or replacement.  Test, inspect, and approve piping before covering or 
concealing.  Provide fittings for changes in direction of piping and for 
connections.  Make changes in piping sizes through tapered reducing 
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fittings; bushings will not be permitted.  Install valves with stems 
horizontal or above.  Provide flanges or unions at valves, traps, 
strainers, and connections to equipment; unions are not required in copper 
tubing piping systems.

a.  Threaded Connections:  Threaded joints shall be sealed with a 
sealant compatible with the circulating fluid; use of Teflon tape 
is not permitted.  Do not thread metal pipe into plastic piping.

b.  Pipe Hangers and Supports:  Install in accordance with MSS SP-69.  
Provide additional pipe hangers and supports at in-line water 
pumps and flanged valves.

c.  Piping to Receive Insulation:  Provide temporary wood spacers 
between the pipe hangers and supports, and the pipe to properly 
slope the piping and establish final elevations.  Provide 
temporary wood spacers of same thickness as insulation to be 
provided under Section 15080 THERMAL INSULATION FOR MECHANICAL 
SYSTEMS.  

d.  Cleaning of Piping:  Keep interior and ends of new piping and 
existing piping, affected by Contractor's operations, cleaned of 
water and foreign matter during installation by using plugs or 
other approved methods.  When work is not in progress, securely 
close open ends of pipe and fittings to prevent entry of water and 
foreign matter.  Inspect piping before placing into position.

3.2.1   Flushing the Aboveground Piping

Before connection of the header to the polyethylene ground heat exchanger 
loops, flush the entire aboveground piping system thoroughly in accordance 
with IGSHPA 21020 recommendations and leave filled with clean water.  If 
the header is not immediately joined to the ground heat exchanger loop, the 
open ends shall be taped or capped.

3.3   GROUND HEAT EXCHANGER PIPING

Examine areas and conditions under which ground heat exchanger systems will 
be installed.  Prior to excavation, trenching, or drilling, locate and mark 
buried utilities.  Do not proceed with work until approved by the 
Contracting Officer.  Avoid sharp bends in piping.  Provide fittings for 
changes in direction when minimum bend radius, as recommended by the pipe 
manufacturer, is exceeded.  Use only continuous pipe in sharp bends.  Make 
changes in piping sizes through tapered concentric fittings.  Leaks shall 
be "cut-out" and repaired in accordance with the pipe manufacturer's 
recommendations.  Direct buried threaded connections are not permitted.

3.3.1   Vertical Well Fields

Each U-bend loop shall be assembled, laid out straight, taped to reduce 
springback, and water pressure tested at 100 psi for leaks and flow by 
IGSHPA 21020 recommended procedures before the hole is bored.  Vertical 
bores shall be 5 feet deeper than the length of the loop and shall be clean 
(no casing) and of sufficient diameter to facilitate the installation of 
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the U-bend assembly and a third pipe for pressure grouting.  Fill the loop 
with water and pressurize to 40 psi to prevent the pipe from being crushed 
by backfill material.  Backfill the bores from the bottom up with a high 
solid bentonite grout material and grouting process in conformance with 
IGSHPA 21010 to ensure pipe contact and compliance with local and State 
requirements for sealing.  Bentonite grout shall be prepared in accordance 
with manufacturer's recommendations for water-to-mix ratio.  The bores 
shall not contain large, sharp, or jagged rocks or debris.  Take reasonable 
and prudent care during installation and backfilling to not crush, cut, or 
kink the pipe.

3.3.2   Horizontal Header Piping

Horizontal trenches for ground heat exchanger piping may be dug with a 
chain type trenching machine or a backhoe.  The piping shall be buried a 
minimum of 48 inches deep or as indicated.  Make joints while pipe is 
laying beside the trench.  If the soil contains rocks, dig the trench 6 
inches deeper than required and install a base of  6 inches of fines or 
sand before placing the pipe.  After the piping is installed, tested, and 
flushed, purged, inspected, and approved while still under pressure, 
backfill 6 inches above with fines or sand.  Complete backfill in 
accordance with IGSHPA 21020 recommended procedures.

3.3.3   Polyethylene Piping

Install piping in accordance with manufacturer's written instructions.  
During installation, keep trash, soil, and foreign objects out of the pipe. 
 Tape or cap ends of the pipe until the pipe is joined to the circuit.  The 
vertical loop take-off tee fittings may be made using tee fittings or the 
saddle fusion process on header piping 1.25 inches diameter and above.  
Completely remove the cutout on the saddle tees.  Use bell reductions at 
pipe reductions.  Use reducing socket tees when fabricating socket type 
reducing headers.  Avoid sharp bends in piping.  Consult pipe manufacturer 
for minimum bend radius.  Install elbow fittings at changes in pipe 
direction that are tighter than the minimum recommended bend radius.  Use 
only continuous pipe in vertical U-bend loops.

3.3.4   Heat Fusion Process

Joining shall be either by butt, socket, or saddle (for sidewall 
applications only) fusion in accordance with the manufacturer's Heat 
Qualification Guide.  Use socket fusion joints for pipe 2 inches diameter 
and less.  Use butt fusion joints for pipe greater than  2 inches diameter. 
 Different plastics or grades of plastic shall not be fused together.

3.3.5   Pressurizing

After assembly of the entire ground loop system, fill the system with water 
and pressure test to 100 psi.  Visually inspect welds prior to backfill of 
the trenches.

3.3.6   Pipe Identification

Install metalized (detectable) warning and identification tape above each 
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horizontal pipe run.  Install tape a minimum of 6 inches below finish 
grade.  Install mechanical identification of vertical bore holes and 
connecting headers.

3.3.7   Threaded Fittings

Threaded joints shall be sealed with a sealant compatible with the 
circulating fluid; use of lubricating tape for sealing is not permitted.  
Do not thread metal pipe into plastic pipe or vice versa.  Direct buried 
threaded joints are not permitted.  Use threaded joints above grade, within 
mechanical spaces, or within valve pits.

3.4   FLUSHING GROUND HEAT EXCHANGER

Before connection of the plastic ground heat exchanger loops to the header, 
flush each loop thoroughly in accordance with IGSHPA 21020 recommendations 
and leave filled with clean water.  If the loop is not immediately joined 
to the header, it shall be taped or capped.

3.5   ADJUSTMENTS

Adjust controls and equipment so as to give satisfactory operation.  Adjust 
entire water temperature control system and place in operation so that 
water quantities circulated are as indicated.  Adjust and balance air duct 
systems so that air quantities at outlets are as indicated and so that 
distribution from supply outlets is free from drafts and has uniform 
velocity over the face of each outlet.

3.6   INSTRUCTING OPERATING PERSONNEL

Upon completion of work and at time designated by Contracting Officer, 
provide services of water source heat pump manufacturer's technical 
representative for period of not less than one 8-hour working day for 
instruction of Government operating personnel in proper operation and 
maintenance of equipment.

3.7   FIELD QUALITY CONTROL

Upon completion and before final acceptance of work, test each system in 
service to demonstrate compliance with the contract requirements.  Adjust 
controls and balance systems prior to final acceptance of completed 
systems.  Test controls through every cycle of operation.  Test safety 
controls to demonstrate performance of required function.  Correct defects 
in work provided by Contractor and repeat tests.  Furnish fuel, water, 
electricity, instruments, connecting devices, and personnel for tests.  
Flush and clean piping before placing in operation.  Clean equipment, 
piping, strainers, ducts, and filters.

3.7.1   Piping Systems Except for Ground Heat Exchanger and Refrigerant

Before insulating, hydrostatically test each new piping system at not less 
than 188 psi.  Maintain pressure for 2 hours with no leakage or reduction 
in gage pressure.  Obtain approval before applying insulation.
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3.7.2   Flow Test of Ground Heat Exchanger Piping

Before backfilling the trenches, flush and purge systems of air and flow 
test to ensure all portions of the heat exchanger are properly flowing 
using the procedures recommended by IGSHPA 21020.  Utilize a portable 
temporary purging unit consisting of the following:

a.  High volume, high head purge pump

b.  Open reservoir

c.  Filter assembly with bypass

d.  Flow meter

e.  Pressure gage

f.  Connecting piping

g.  Connecting hoses 

Using a purge pump and the procedures recommended by IGSHPA 21020, flush 
and purge each ground heat exchanger system until free of air, dirt, and 
debris.  A velocity of 2 feet/sec is required in pipe sections to remove 
the air.

Perform the flushing and purging operation with the water source heat pumps 
isolated by shutoff valves from the ground heat exchanger system.  Allow 
purge pump to run 15 minutes after the last air bubbles have been removed.  
After the ground heat exchanger is completely flushed of air and debris, 
open the isolation valves and permit circulation through the heat pumps 
until the entire system is flushed and purged.

Utilizing the purging unit and the procedures recommended by IGSHPA 21020, 
conduct a pressure and flow test on the ground heat exchanger to ensure the 
system is free of blockage.  If the flow test indicates blockage, locate 
the blockage using the manufacturer's recommendation, remove the blockage, 
then repeat the purge procedure and conduct the pressure and flow test 
again until all portions of the system are free flowing.  The flow test 
shall be observed and approved by the Contracting Officer.

After purging has been completed, add the required amount of antifreeze to 
the system.  Fill the open reservoir with the quantity of antifreeze 
required for 15 degree F freeze protection and run the purge pump 15 
minutes to deliver the antifreeze to the system.  Test the solution with a 
hydrometer to determine the actual freezing point.

Form 1, "Ground Heat Exchanger Inspection and Test Report" located below, 
shall be completed for each system by the Contractor after completion of 
the flow and injection of required antifreeze to the system and before the 
systems can be backfilled.
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FORM 1

GROUND HEAT EXCHANGER (GHX) INSPECTION AND TEST REPORT

NOTE:  Use separate form for each GHX loop system.

Building:_________________________ Inspection Date:_______________________

Ground Heat Exchanger No. or Description:_________________________________

List the WSHP Unit No.'s served by this GHX: _____________________________

Ground Heat Exchanger Design Water Flow - _____ gpm

Calculated purging flow and press to achieve 2 feet/sec

Purging:  Flow _____ gpm Head _____ psi, Duration of test _____ min.

Hydrostatic test pressure _____ psi; Duration _____ min.

Did the system pass the pressure test? ___________________________________

Is antifreeze required in system?____ If yes, was antifreeze measured?____

Has a dimensioned drawing been prepared, completely and accurately showing 
the layout of the ground heat exchanger? _________________________________

Does the layout differ substantially from the contract documents? ________
If so is the deviation approved? _______________

Depth of installed vertical loops is _____ feet.  (Design is ____  feet.)

Depth of horizontal piping is _____ feet.  (Design is _____ feet.)

Are the trenches clear of sharp bends, rocks, or other sharp objects that 
could restrict flow?___________________

Are all joints heat fused (butt-, socket-, or saddle-fusion)?_____________
Do the joints have the proper amount of roll-out?_________________________

Has the piping material been cut-out and properly removed from 
saddle-fusion tees?_______________

Was the system backfilled properly with good clean backfill material?_____

Comments:_________________________________________________________________

Inspected and approved this _________ date by ____________________________

Title: ___________________________________________________________________
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3.7.3   Refrigerant Piping Pressure Test and Evacuation

Perform the following when field piping connections are provided.

a.  Pressure Test:  Test refrigerant piping using dry, oil-free 
nitrogen, and prove tight at 300 psi on the high side and 150 psi 
on the low side.  Maintain pressure for 2 hours with no leakage or 
reduction in gage pressure.

b.  Evacuation:  Using high vacuum pump and certified micron gage, 
reduce absolute pressure on both sides of system simultaneously to 
300 microns.  After reaching this point charge system with proper 
refrigerant until pressure of 0 psi is obtained.  Repeat 
evacuation-charging procedure for two more cycles, totaling to 
three evacuation-charging cycles.  On final evacuation, secure 
pump and maintain 300 microns for 2 hours before charging with 
required final refrigerant.

3.7.4   Equipment Tests

3.7.4.1   Field Testing

Test each item of equipment in operation for continuous period of not less 
than 24 hours under every condition of operation in accordance with each 
equipment manufacturer's recommendation.  Verify that each item of 
equipment operating parameters are within limits recommended by the 
manufacturer.

3.7.4.2   Field Test Plans

Furnish water-source heat pump field test plans developed by each equipment 
manufacturer detailing recommended field test procedures for each item of 
equipment.  Field test plans developed by the installing Contractor, or the 
equipment sales agency furnishing the equipment will not be acceptable.  
The Contracting Officer will review and approve the field test plan for 
each item of equipment listed below prior to commencement of field testing 
of the equipment.

a.  Equipment Items to Test:  

Water-source water-to-air heat pumps - field acceptance test plan

b.  Coordinated Testing:  Indicate in each field test plan when work 
required by this section requires coordination with test work 
required by other specification sections.  Furnish test procedures 
for the simultaneous or integrated testing of equipment controls 
which interlock and interface with controls factory prewired or 
external controls for the equipment provided under Section 15951 
DIRECT DIGITAL CONTROL FOR HVAC AND OTHER LOCAL BUILDING SYSTEMS.

c.  Prerequisite Testing:  Equipment for which performance testing is 
dependent upon the completion of the work covered by Section 15990A
 TESTING, ADJUSTING, AND BALANCING OF HVAC SYSTEMS shall have that 
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work completed as a prerequisite to testing work under this 
section.  Indicate in each field test plan when such prerequisite 
work is required.

d.  Test Procedure:  Indicate in each field test plan each equipment 
manufacturer's published installation, start-up, and field 
acceptance test procedures.  Include in each test plan a detailed 
step-by-step procedure for testing automatic controls provided by 
the manufacturer.  Each test plan shall include the required test 
reporting forms to be completed by the Contractor's testing 
representatives.  Structure procedures to test the controls 
through all modes of control to confirm that the controls are 
performing with the intended sequence of control.  Controllers 
shall be verified to be properly calibrated and have the proper 
set point to provide stable control of their respective equipment.

e.  Performance Variables:  Each test plan shall list performance 
variables that are required to be measured or tested as part of 
the field test.  Include in the listed variables performance 
requirements indicated on the equipment schedules on the design 
drawings.  Furnish with each test procedure a description of 
acceptable results that have been verified.  Identify the 
acceptable limits or tolerances within which each tested 
performance variable shall acceptably operate.

f.  Job Specific:  Each test plan shall be job specific and shall 
address the particular item of equipment and particular conditions 
which exist with this contract.  Generic or general preprinted 
test procedures are not acceptable.

g.  Specialized Components:  Each test plan shall include procedures 
for field testing and field adjusting specialized components, such 
as hot gas bypass control valves, or pressure valves.

3.7.4.3   Field Test Reports

a.  Equipment Items to Test:  

Water-source water-to-air heat pumps - field acceptance test report

b.  Manufacturer's Recommended Test:  Conduct the manufacturer's 
recommended field testing in compliance with the approved test 
plan specified above.  Furnish a factory trained field 
representative authorized by and to represent the equipment 
manufacturer at the complete execution of the field testing.

c.  Operational Test:  Conduct a continuous 24 hour operational test 
for each item of equipment.  Equipment shutdown before the test 
period is completed shall result in the test period being started 
again and run for the required duration.  For the duration of the 
test period, compile an operational log of each item of equipment. 
 Log required entries every 2 hours.  Use the test report forms 
for logging the operational variables.
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d.  Notice of Tests:  Conduct the manufacturer's recommended tests and 
the operational tests; record the required data using the approved 
reporting forms.  Notify the Contracting Officer in writing at 
least 15 calendar days prior to the testing.  Within 30 calendar 
days after acceptable completion of testing, submit each test 
report for review and approval.

e.  Report Forms:  Type data entries and writing on the test report 
forms.  Completed test report forms for each item of equipment 
shall be reviewed, approved, and signed by the Contractor's test 
director and the QC Manager.  The manufacturer's field test 
representative shall review, approve, and sign the report of the 
manufacturer's recommended test.  Signatures shall be accompanied 
by the person's name typed.

f.  Deficiency Resolution:  The test requirements acceptably met; 
deficiencies identified during the tests shall be corrected in 
compliance with the manufacturer's recommendations and corrections 
retested to verify compliance.

3.7.5   Additional Field Testing

Requirements for testing, adjusting, and balancing (TAB) of ducts, piping, 
and equipment are specified in Section 15990A HVAC TESTING, ADJUSTING, AND 
BALANCING OF HVAC SYSTEMS.

     -- End of Section --
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SECTION 15895

AIR SUPPLY, DISTRIBUTION, VENTILATION, AND EXHAUST SYSTEMS
01/05

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AIR MOVEMENT AND CONTROL ASSOCIATION INTERNATIONAL(AMCA)

AMCA 201 (2002) Fans and Systems

AMCA 210 (1999) Laboratory Methods of Testing Fans 
for Aerodynamic Performance Rating

AMCA 300 (1996) Reverberant Room Method for Sound 
Testing of Fans

AMCA 301 (1990) Methods for Calculating Fan Sound 
Ratings from Laboratory Test Data

AIR-CONDITIONING AND REFRIGERATION INSTITUTE (ARI)

ARI Guideline D (1996) Application and Installation of 
Central Station Air-Handling Units

AMERICAN BEARING MANUFACTURERS ASSOCIATION (ABMA)

ABMA 11 (1990; R 1999) Load Ratings and Fatigue 
Life for Roller Bearings

ABMA 9 (1990; R 2000) Load Ratings and Fatigue 
Life for Ball Bearings

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE)

ASHRAE 52.2 (1999) Method of Testing General 
Ventilation Air-Cleaning Devices for 
Removal Efficiency by Particle Size

ASHRAE 70 (1991) Method of Testing for Rating the 
Performance of Air Outlets and Inlets

ASTM INTERNATIONAL (ASTM)
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ASTM A 123/A 123M (2002) Zinc (Hot-Dip Galvanized) Coatings 
on Iron and Steel Products

ASTM A 167 (2004) Stainless and Heat-Resisting 
Chromium-Nickel Steel Plate, Sheet, and 
Strip

ASTM A 53/A 53M (2004a) Pipe, Steel, Black and Hot-Dipped, 
Zinc-Coated, Welded and Seamless

ASTM A 924/A 924M (2004) General Requirements for Steel 
Sheet, Metallic-Coated by the Hot-Dip 
Process

ASTM B 117 (2002) Operating Salt Spray (Fog) Apparatus

ASTM B 152/B 152M (2000) Copper Sheet, Strip, Plate, and 
Rolled Bar

ASTM B 209 (2004) Aluminum and Aluminum-Alloy Sheet 
and Plate

ASTM C 1071 (2000) Fibrous Glass Duct Lining 
Insulation (Thermal and Sound Absorbing 
Material)

ASTM C 553 (2002) Mineral Fiber Blanket Thermal 
Insulation for Commercial and Industrial 
Applications

ASTM C 916 (1985; R 2001e1) Adhesives for Duct 
Thermal Insulation

ASTM D 1654 (1992; R 2000) Evaluation of Painted or 
Coated Specimens Subjected to Corrosive 
Environments

ASTM D 2855 (1996; R 2002) Making Solvent-Cemented 
Joints with Poly(Vinyl Chloride) (PVC) 
Pipe and Fittings

ASTM D 3359 (2002) Measuring Adhesion by Tape Test

ASTM D 520 (2000) Zinc Dust Pigment

ASTM E 2016 (1999; R 2004) Industrial Woven Wire Cloth

ASTM E 84 (2004) Surface Burning Characteristics of 
Building Materials

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA MG 1 (2003) Motors and Generators
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NEMA MG 11 (1977; R 1997; R 2001) Energy Management 
Guide for Selection and Use of Single 
Phase Motors

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2005) National Electrical Code

NFPA 90A (2002) Installation of Air Conditioning 
and Ventilating Systems

NORTH AMERICAN INSULATION MANUFACTURERS ASSOCIATION (NAIMA)

NAIMA AH116 (2002, 5th Ed) Fibrous Glass Duct 
Construction Standards

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 
(SMACNA)

SMACNA HVAC Duct Const Stds (1995, 2nd Ed) HVAC Duct Construction 
Standards - Metal and Flexible

SMACNA Install Fire Damp HVAC (2002, 5th Ed) Fire, Smoke and Radiation 
Damper Installation Guide for HVAC Systems

SMACNA Leakage Test Mnl (1985, 1st Ed) HVAC Air Duct Leakage Test 
Manual

UNDERWRITERS LABORATORIES (UL)

UL 181 (1996; Rev thru May 2003) Factory-Made Air 
Ducts and Air Connectors

UL 1995 (1995; Rev thru Aug 1999) Heating and 
Cooling Equipment

UL 214 (1997; Rev thru Aug 2001) Tests for 
Flame-Propagation of Fabrics and Films

UL 555 (1999; Rev thru Jan 2002) Fire Dampers

UL 555S (1999; Rev thru Apr 2003) Smoke Dampers

UL 586 (1996; Rev thru Apr 2000) High-Efficiency, 
Particulate, Air Filter Units

UL 705 (2004) Power Ventilators

UL 723 (2003) Test for Surface Burning 
Characteristics of Building Materials

UL 900 (1994; Rev thru Oct 1999) Air Filter Units

UL BMB (2004) Building Materials Directory
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UL ECED (2003) Electrical Construction Equipment 
Directory

UL FRD (2004) Fire Resistance Directory

1.2   COORDINATION OF TRADES

Furnish ductwork, piping offsets, fittings, and accessories as required to 
provide a complete installation and to eliminate interference with other 
construction.

1.3   DELIVERY AND STORAGE

Store equipment at the jobsite so that it is protected from the weather, 
humidity and temperature variations, dirt and dust, or other contaminants.  
Additionally, cap or plug all pipes until installed.

1.4   FIELD MEASUREMENTS

After becoming familiar with all details of the work, the Contractor shall 
verify all dimensions in the field, and shall advise the Contracting 
Officer of any discrepancy before performing the work.

1.5   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government. The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Components and Equipment

  Manufacturer's catalog data included with the detail drawings 
for the following items.  Highlight the data to show model, size, 
options, etc., that are intended for consideration.  provide 
adequate data to demonstrate compliance with contract requirements 
for the following:

Fire Dampers; G-AE
Automatic Smoke-Fire Dampers; G-AE
Automatic Smoke Dampers; G-AE
Sound Attenuation Equipment; G-AE
Diffusers; G-AE
Registers and Grilles; G-AE
Louvers; G-AE
In-Line Centrifugal Fans; G-AE
Ceiling Exhaust Fans; G-AE

Operation and Maintenance Training
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Proposed On-site Training schedule, submitted concurrently with 
the Operation and Maintenance Manuals.

SD-06 Test Reports

Performance Tests; G-AE

  Test reports for the ductwork leak test, and performance tests 
in booklet form, upon completion of testing.  Document phases of 
tests performed including initial test summary, 
repairs/adjustments made, and final test results in the reports.

Damper Acceptance Test

  Proposed schedule, at least 2 weeks prior to the start of test.

SD-08 Manufacturer's Instructions

Manufacturer's Installation Instructions
Operation and Maintenance Training

SD-10 Operation and Maintenance Data

Operation and Maintenance Manuals

  Five manuals at least 2 weeks prior to field training.  Submit 
data complying with the requirements specified in Section 01781 
0PERATION AND MAINTENANCE DATA.  Submit Data Package 3 for the 
following:

Fire Dampers
Manual Balancing Dampers
Automatic Smoke-Fire Dampers
Automatic Smoke Dampers
In-Line Centrifugal Fans
Ceiling Exhaust Fans

PART 2   PRODUCTS

2.1   STANDARD PRODUCTS

Provide Components and equipment that are "standard products" of a 
manufacturer regularly engaged in the manufacturing of products that are of 
a similar material, design and workmanship.  "Standard products" is defined 
as being in satisfactory commercial or industrial use for 2 years before 
bid opening.  The 2-year manufacturer's experience shall include 
applications of components and equipment under similar circumstances and of 
similar size.  The 2 years must be satisfactorily completed by a product 
that is sold on the commercial market through advertisements, 
manufacturers' catalogs, or brochures.  Products having less than a 2-year 
field service record will be acceptable if a certified record of 
satisfactory field operation, for not less than 6000 hours exclusive of the 
manufacturer's factory tests, can be shown.  The equipment items shall be 
supported by a service organization.
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2.2   ASBESTOS PROHIBITION

Asbestos and asbestos-containing products shall not be used.

2.3   NAMEPLATES

All equipment shall have a nameplate, installed by the manufacturer, that 
identifies the manufacturer's name, address, type or style, and model or 
serial number.

2.4   EQUIPMENT GUARDS AND ACCESS

Belts, pulleys, chains, gears, couplings, projecting setscrews, keys, and 
other rotating parts exposed to personnel contact shall be fully enclosed 
or guarded according to OSHA requirements.  High temperature equipment and 
piping exposed to contact by personnel or where it creates a potential fire 
hazard shall be properly guarded or covered with insulation of a type 
specified.  The requirements for catwalks, operating platforms, ladders, and
 guardrails are specified in Section 05500A MISCELLANEOUS METAL .

2.5   ELECTRICAL WORK

a.  Provide motors, controllers, integral disconnects, contactors, and 
controls with their respective pieces of equipment, except controllers 
indicated as part of motor control centers.  Provide electrical 
equipment, including motors and wiring, as specified in Section 16402 
INTERIOR DISTRIBUTION SYSTEM.  Manual or automatic control and 
protective or signal devices required for the operation specified and 
control wiring required for controls and devices specified, but not 
shown, shall be provided.  For packaged equipment, the manufacturer 
shall provide controllers including the required monitors and timed 
restart.

b.  For single-phase motors, provide high-efficiency type, 
fractional-horsepower alternating-current motors, including motors that 
are part of a system, in accordance with NEMA MG 11.

c.  For polyphase motors, provide squirrel-cage medium induction 
motors, including motors that are part of a system , and that meet the 
efficiency ratings for premium efficiency motors in accordance with 
NEMA MG 1.

d.  Provide motors in accordance with NEMA MG 1 and of sufficient size 
to drive the load at the specified capacity without exceeding the 
nameplate rating of the motor.  Motors shall be rated for continuos 
duty with the enclosure specified.  Motor duty requirements shall allow 
for maximum frequency start-stop operation and minimum encountered 
interval between start and stop.  Motor torque shall be capable of 
accelerating the connected load within 20 seconds with 80 percent of 
the rated voltage maintained at motor terminals during one starting 
period.  Provide motor starters complete with thermal overload 
protection and other necessary appurtenances.  Motor bearings shall be 
fitted with grease supply fittings and grease relief to outside of the 
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enclosure.

e.  Provide variable frequency drives for motors as specified in 
Section 16261 VARIABLE FREQUENCY DRIVE SYSTEMS UNDER 600 VOLTS.

2.6   DUCT SYSTEMS

2.6.1   Metal Ductwork

All aspects of metal ductwork construction, including all fittings and 
components, shall comply with SMACNA HVAC Duct Const Stds unless otherwise 
specified.  Elbows shall be radius type with a centerline radius of 1.5 
times the width or diameter of the duct where space permits.  Otherwise, 
elbows having a minimum radius equal to the width or diameter of the duct 
or square elbows with factory fabricated turning vanes may be used.  
Ductwork shall meet the requirements of Seal Class C.  Sealants shall 
conform to fire hazard classification specified in Section 15080 THERMAL 
INSULATION FOR MECHANICAL SYSTEMS and shall be suitable for the range of 
air distribution and ambient temperatures that it will be exposed to.  Do 
not use pressure sensitive tape as a sealant.  Spiral lock seam duct, and 
flat oval shall be made with duct sealant and locked with not less than 3 
equally spaced drive screws or other approved methods indicated in SMACNA 
HVAC Duct Const Stds.  Apply the sealant to the exposed male part of the 
fitting collar so that the sealer will be on the inside of the joint and 
fully protected by the metal of the duct fitting.  Apply one brush coat of 
the sealant over the outside of the joint to at least 2 inch band width 
covering all screw heads and joint gap.  Dents in the male portion of the 
slip fitting collar will not be acceptable.  Fabricate outdoor air intake 
ducts and plenums with watertight soldered or brazed joints and seams.

2.6.1.1   Metallic Flexible Duct

a.  Duct shall conform to UL 181 and NFPA 90A with factory-applied 
insulation, vapor barrier, and end connections.  Fire hazard rating of 
duct assembly shall not exceed 25 for flame spread and 50 for smoke 
developed.  Proved ducts designed for working pressures of  two inches 
water gauge positive and  1.5 inches water gauge positive.  Flexible 
round duct length shall not exceed  five feet.  Secure connections by 
applying adhesive for  two inches over rigid duct, apply flexible duct  
two inches over rigid duct, apply metal clamp, and provide minimum of 
three No. 8 sheet metal screws through clamp and rigid duct.

b.  Inner duct core:  Flexible core shall be interlocking spiral or 
helically corrugated and constructed of zinc-coated steel, aluminum, or 
stainless steel; or shall be constructed of inner liner of continous 
galvanized spring steel wire helix fused to continuous, fire-retardant, 
flexible vapor barrier film, inner duct core.

c.  Insulation:  Inner duct core shall be insulated with mineral fiber 
blanket type flexible insulation, minimum of  one inch thick.  
Insulation shall be covered on exterior with manufacturer's standard 
fire retardant vapor barrier jacket for flexible round duct.

2.6.1.2   Insulated Nonmetallic Flexible Duct Runouts
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Use flexible duct runouts only where indicated.  Runout length shall be as 
shown on the drawings, but shall in no case exceed 5 feet.  Runouts shall 
be preinsulated, factory fabricated, and shall comply with NFPA 90A and UL 
181.  Provide either field or factory applied vapor barrier.  Provide not 
less than 20 ounce glass fabric duct connectors coated on both sides with 
neoprene.  Insulated flexible connectors may be used as runouts.  The 
insulated material and vapor barrier shall conform to the requirements of 
Section 15080 THERMAL INSULATION FOR MECHANICAL SYSTEMS.  The insulation 
material surface shall not be exposed to the air stream.

2.6.1.3   General Service Duct Connectors

Provide a flexible duct connector approximately 6 inches in width where 
sheet metal connections are made to fans or where ducts of dissimilar 
metals are connected.  For round/oval ducts, secure the flexible material 
by stainless steel or zinc-coated, iron clinch-type draw bands.  For 
rectangular ducts, install the flexible material locked to metal collars 
using normal duct construction methods.  The composite connector system 
shall comply with UL 214 and be classified as "flame-retarded fabrics" in 
UL BMB.

2.6.1.4   High Temperature Service Duct Connections

Material shall be approximately 3/32 inch thick, 35 to 40-ounce per square 
yard weight, plain weave fibrous glass cloth with, nickel/chrome wire 
reinforcement for service in excess of 1200 degrees F.

2.6.1.5   Aluminum Ducts

ASTM B 209, alloy 3003-H14 for aluminum sheet and alloy 6061-T6 or 
equivalent strength for aluminum connectors and bar stock.

2.6.1.6   Copper Sheets

ASTM B 152/B 152M, light cold rolled temper.

2.6.1.7   Corrosion Resisting (Stainless) Steel Sheets

ASTM A 167

2.6.2   Ductwork Accessories

2.6.2.1   Duct Access Doors

Provide hinged access doors conforming to SMACNA HVAC Duct Const Stds in 
ductwork and plenums where indicated and at all air flow measuring 
primaries, automatic dampers, fire dampers, coils, thermostats, and other 
apparatus requiring service and inspection in the duct system.  Provide 
access doors upstream and downstream of air flow measuring primaries and 
heating and cooling coils.  Doors shall be minimum 15 x 18 inches, unless 
otherwise shown.  Where duct size will not accommodate this size door, the 
doors shall be made as large as practicable.  Equip doors 24 x 24 inches or 
larger with fasteners operable from inside and outside the duct.  Use 
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insulated type doors in insulated ducts.

2.6.2.2   Fire Dampers

Use 1.5 hour rated fire dampers unless otherwise indicated.  Fire dampers 
shall conform to the requirements of NFPA 90A and UL 555.  The Contractor 
shall perform the fire damper test as outlined in NFPA 90A.  Provide a 
pressure relief damper upstream of the fire damper.  If the ductwork 
connected to the fire damper is to be insulated then this pressure relief 
damper shall be factory insulated.  Fire dampers shall be automatic 
operating type and shall have a dynamic rating suitable for the maximum air 
velocity and pressure differential to which it will be subjected.  Fire 
dampers shall be approved for the specific application, and shall be 
installed according to their listing.  Fire dampers shall be equipped with 
a steel sleeve or adequately sized frame installed in such a manner that 
disruption of the attached ductwork, if any, will not impair the operation 
of the damper.  Equip sleeves or frames with perimeter mounting angles 
attached on both sides of the wall or floor opening.  Construct ductwork in 
fire-rated floor-ceiling or roof-ceiling assembly systems with air ducts 
that pierce the ceiling of the assemblies in conformance with UL FRD.  Fire 
dampers shall be curtain type with damper blades in the air stream.  
Dampers shall not reduce the duct or the air transfer opening 
cross-sectional area.  Install dampers so that the centerline of the damper 
depth or thickness is located in the centerline of the wall, partition or 
floor slab depth or thickness.  Unless otherwise indicated, comply with the 
installation details given in SMACNA Install Fire Damp HVAC and in 
manufacturer's instructions for fire dampers.  Perform acceptance testing 
of fire dampers per paragraph Fire Damper Acceptance Test and NFPA 90A.

2.6.2.3   Manual Balancing Dampers

Furnish manual balancing dampers with accessible operating mechanisms.  Use 
chromium plated operators (with all exposed edges rounded) in finished 
portions of the building.  Manual volume control dampers shall be operated 
by locking-type quadrant operators.  Dampers shall be 2 gauges heavier than 
the duct in which installed.  Unless otherwise indicated, multileaf dampers 
shall be opposed blade type with maximum blade width of 12 inches.  Provide 
access doors or panels for all concealed damper operators and locking 
setscrews.  Unless otherwise indicated, the locking-type quadrant operators 
for dampers, when installed on ducts to be thermally insulated, shall be 
provided with stand-off mounting brackets, bases, or adapters to provide 
clearance between the duct surface and the operator not less than the 
thickness of the insulation.  Stand-off mounting items shall be integral 
with the operator or standard accessory of the damper manufacturer.

2.6.2.4   Automatic Smoke-Fire Dampers

Multiple blade type, 180 degrees F fusible fire damper link; smoke damper 
assembly to include pneumatically powered operator.  UL 555 as a 1.5 hour 
rated fire damper; further qualified under UL 555S as a leakage rated 
damper.  Leakage rating under UL 555S shall be no higher than Class II or 
III at an elevated temperature Category B (250 degrees F for 30 minutes).  
Pressure drop in the damper open position shall not exceed 0.1 inch water 
gauge with average duct velocities of 2500 fpm.
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2.6.2.5   Automatic Smoke Dampers

UL listed multiple blade type, supplied by smoke damper manufacturer, with 
pneumatic damper operator as part of assembly.  Qualified under UL 555S 
with a leakage rating no higher than class II or III at an elevated 
temperature Category B (250 degrees F for 30 minutes).  Pressure drop in 
the damper open position shall not exceed 0.1 inch water gauge with average 
duct velocities of 2500 fpm.

2.6.2.6   Air Deflectors and Branch Connections

Provide air deflectors at all duct mounted supply outlets, at takeoff or 
extension collars to supply outlets, at duct branch takeoff connections, 
and at 90 degree elbows, as well as at locations as indicated on the 
drawings or otherwise specified.  Conical branch connections or 45 degree 
entry connections may be used in lieu of deflectors or extractors for 
branch connections.  Furnish all air deflectors, except those installed in 
90 degree elbows, with an approved means of adjustment.  Adjustment shall 
be made from easily accessible means inside the duct or from an adjustment 
with sturdy lock on the face of the duct.  When installed on ducts to be 
thermally insulated, external adjustments shall be provided with stand-off 
mounting brackets, integral with the adjustment device, to provide 
clearance between the duct surface and the adjustment device not less than 
the thickness of the thermal insulation.  Air deflectors shall be 
factory-fabricated units consisting of curved turning vanes or louver 
blades designed to provide uniform air distribution and change of direction 
with minimum turbulence or pressure loss.  Air deflectors shall be factory 
or field assembled.  Blade air deflectors, also called blade air 
extractors, shall be approved factory fabricated units consisting of 
equalizing grid and adjustable blade and lock.  Adjustment shall be easily 
made from the face of the diffuser or by position adjustment and lock 
external to the duct.  Stand-off brackets shall be provided on insulated 
ducts and are described herein.  Fixed air deflectors, also called turning 
vanes, shall be provided in 90 degree elbows.

2.6.3   Plenums and Casings for Field-Fabricated Units

2.6.3.1   Plenum and Casings

Fabricate and erect plenums and casings as shown in SMACNA HVAC Duct Const 
Stds, as applicable.  Construct system casing of not less than 16 gauge 
galvanized sheet steel.  Furnish cooling coil drain pans with 1 inch 
threaded outlet to collect condensation from the cooling coils.  Fabricate 
drain pans from not lighter than 16 gauge steel, galvanized after 
fabrication or of 18 gauge corrosion-resisting sheet steel conforming to 
ASTM A 167, Type 304, welded and stiffened.  Thermally insulate drain pans 
exposed to the atmosphere to prevent condensation.  Insulation shall be 
coated with a flame resistant waterproofing material.  Provide separate 
drain pans for each vertical coil section, and a separate drain line for 
each pan.  Size pans to ensure capture of entrained moisture on the 
downstream-air side of the coil.  Seal openings in the casing, such as for 
piping connections, to prevent air leakage.  Size the water seal for the 
drain to maintain a pressure of at least 2 inch water gauge greater than 
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the maximum negative pressure in the coil space.

2.6.3.2   Casing

Terminate casings at the curb line and bolt each to the curb using 
galvanized angle, as indicated in SMACNA HVAC Duct Const Stds.

2.6.3.3   Access Doors

Provide access doors in each section of the casing.  Weld doorframes in 
place, gasket each door with neoprene, hinge with minimum of two brass 
hinges, and fasten with a minimum of two brass tension fasteners operable 
from inside and outside of the casing.  Where possible, doors shall be 36 x 
18 inches located 18 inches above the floor.  Where the space available 
will not accommodate doors of this size, use doors as large as the space 
will accommodate.  Doors shall swing so that fan suction or pressure holds 
door in closed position, and shall be airtight.  Provide a push-button 
station, located inside the casing, to stop the supply.

2.6.3.4   Factory-Fabricated Insulated Sheet Metal Panels

Factory-fabricated components may be used for field-assembled units, 
provided all requirements specified for field-fabricated plenums and 
casings are met.  Panels shall be of modular design, pretested for 
structural strength, thermal control, condensation control, and acoustical 
control.  Panel joints shall be sealed and insulated access doors shall be 
provided and gasketed to prevent air leakage.  Panel construction shall be 
not less than 20 gauge galvanized sheet steel and shall be assembled with 
fasteners treated against corrosion.  Standard length panels shall deflect 
not more than 1/2 inch under operation.  Details of construction, including 
joint sealing, not specifically covered shall be as indicated in SMACNA 
HVAC Duct Const Stds.  Construct the plenums and casings to withstand the 
specified internal pressure of the air systems.

2.6.3.5   Duct Liner

Unless otherwise specified, duct liner shall conform to ASTM C 1071, Type I 
or II.

2.6.4   Sound Attenuation Equipment

a.  For systems with total pressure above 4 Inches Water Gauge:  
Provide sound attenuators on the discharge duct of each fan operating 
at a total pressure above 4 inch water gauge, and, when indicated, at 
the intake of each fan system.  Sound attenuators shall be provided 
elsewhere as indicated.  The sound attenuators shall be factory 
fabricated and shall be tested by an independent laboratory for sound 
and performance characteristics.  Net sound reduction shall be as 
indicated.  Maximum permissible pressure drop shall not exceed 0.63 
inch water gauge.  Construct traps to be airtight when operating under 
an internal static pressure of 10 inch water gauge.  Air-side surface 
shall be capable of withstanding air velocity of 10,000 fpm.  The 
Contractor shall certify that the sound reduction values specified will 
be obtained after the equipment is installed in the system and 
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coordinated with the sound information of the system fan to be 
provided.  Sound absorbing material shall conform to ASTM C 1071, Type 
I or II.  Sound absorbing material shall meet the fire hazard rating 
requirements for insulation specified in Section 15080 THERMAL 
INSULATION FOR MECHANICAL SYSTEMS.  For connection to ductwork, provide 
a duct transition section.  Factory fabricated double-walled internally 
insulated spiral lock seam and round duct and fittings designed for 
high pressure air system may be provided in lieu of factory fabricated 
sound attenuators, and shall comply with requirements specified for 
factory fabricated sound attenuators.  Construct the double-walled duct 
and fittings from an outer metal pressure shell of zinc-coated steel 
sheet, 1 inch thick acoustical blanket insulation, and an internal 
perforated zinc-coated metal liner.  Provide a sufficient length of run 
to obtain the noise reduction coefficient specified.  The Contractor 
shall certify that the sound reduction value specified will be obtained 
within the length of duct run provided.  The outer sheet metal of the 
double-walled duct shall have welded, or spiral lock, seams to prevent 
water vapor penetration.  The outer sheet of the duct and fittings 
shall conform to the metal thickness of high-pressure spiral and round 
ducts and fittings shown in SMACNA HVAC Duct Const Stds.  The 
acoustical insulation shall have a thermal conductivity "k" of not more 
than 0.27 Btu/inch/square foot/hour/degree F at 75 degrees F mean 
temperature.  The internal perforated zinc-coated metal liner shall be 
not less than 24 gauge with perforations not larger than 1/4 inch in 
diameter providing a net open area not less than 10 percent of the 
surface.

b.  For system with total pressure of 4 Inch Water Gauge and Lower:  
Use sound attenuators only where indicated.  Factory fabricated sound 
attenuators shall be constructed of galvanized steel sheets.  Outer 
casing shall be not less than 22 gauge.  Acoustical fill shall be 
fibrous glass.  Net sound reduction shall be as indicated.  Values 
shall be obtained on a test unit not less than 24 by 24 inches outside 
dimensions made by a certified nationally recognized independent 
acoustical laboratory.  Air flow capacity shall be as indicated or 
required.  Pressure drop through the attenuator shall not exceed the 
value indicated, or shall not be in excess of 15 percent of the total 
external static pressure of the air handling system, whichever is less. 
 Sound attenuators shall be acoustically tested with metal duct inlet 
and outlet sections while under the rated air flow conditions.  Noise 
reduction data shall include the effects of flanking paths and 
vibration transmission.  Construct sound attenuators to be airtight 
when operating at the internal static pressure indicated or specified 
for the duct system, but in no case less than 2 inch water gauge.

c.  For acoustical duct liner:  Use fibrous glass designed exclusively 
for lining ductwork and conforming to the requirements of ASTM C 1071, 
Type I and II.  Liner composition may be uniform density, graduated 
density, or dual density, as standard with the manufacturer.  Lining 
shall be coated, not less than 1 inch thick.  Where acoustical duct 
liner is used, liner or combination of liner and insulation applied to 
the exterior of the ductwork shall be the thermal equivalent of the 
insulation specified in Section 15080 THERMAL INSULATION FOR MECHANICAL 
SYSTEMS.  Duct sizes shown shall be increased to compensate for the 
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thickness of the lining used.  In lieu of sheet metal duct with 
field-applied acoustical lining, acoustically equivalent lengths of 
fibrous glass duct or factory fabricated double-walled internally 
insulated duct with perforated liner may be provided.

2.6.5   Diffusers, Registers, and Grilles

Units shall be factory-fabricated of steel and shall distribute the 
specified quantity of air evenly over space intended without causing 
noticeable drafts, air movement faster than 50 fpm in occupied zone, or 
dead spots anywhere in the conditioned area.  Outlets for diffusion, 
spread, throw, and noise level shall be as required for specified 
performance.  Performance shall be certified according to ASHRAE 70.  
Inlets and outlets shall be sound rated and certified according to ASHRAE 70. 
 Sound power level shall be as indicated.  Diffusers and registers shall be 
provided with volume damper with accessible operator, unless otherwise 
indicated; or if standard with the manufacturer, an automatically 
controlled device will be acceptable.  Volume dampers shall be opposed 
blade type for all diffusers and registers, except linear slot diffusers.  
Provide linear slot diffusers with round or elliptical balancing dampers.  
Where the inlet and outlet openings are located less than 7 feet above the 
floor, they shall be protected by a grille or screen according to NFPA 90A.

2.6.5.1   Diffusers

Diffuser types shall be as indicated.  Furnish ceiling mounted units with 
anti-smudge devices, unless the diffuser unit minimizes ceiling smudging 
through design features.  Provide diffusers with air deflectors of the type 
indicated.  Air handling troffers or combination light and ceiling 
diffusers shall conform to the requirements of UL ECED for the 
interchangeable use as cooled or heated air supply diffusers or return air 
units.  Install ceiling mounted units with rims tight against ceiling.  
Provide sponge rubber gaskets between ceiling and surface mounted diffusers 
for air leakage control.  Suitable trim shall be provided for flush mounted 
diffusers.  Duct collar connecting the duct to diffuser shall be airtight 
and shall not interfere with volume controller.  Return or exhaust units 
shall be similar to supply diffusers.

2.6.5.2   Perforated Plate Diffusers

Provide adjustable one-way, two-way, three-way, or four-way air pattern 
controls as indicated.  Diffuser faceplates shall not sag or deflect when 
operating under design conditions.

2.6.5.3   Linear Diffusers

Joints between diffuser sections shall appear as hairline cracks.  Provide 
alignment slots for insertion of key strips or other concealed means to 
align exposed butt edges of diffusers.  Do not use screws and bolts in 
exposed face of frames or flanges.  Frames and flanges exposed below 
ceiling shall be metal-filled and ground smooth.  Furnish separate pivoted 
or hinged adjustable air-volume-damper and separate air-deflection blades.

2.6.5.4   Registers and Grilles
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Units shall be four-way directional-control type, except that return and 
exhaust registers may be fixed horizontal or vertical louver type similar 
in appearance to the supply register face.  Furnish registers with 
sponge-rubber gasket between flanges and wall or ceiling.  Install wall 
supply registers at least 6 inches below the ceiling unless otherwise 
indicated.  locate return and exhaust registers 6 inches above the floor 
unless otherwise indicated.  Four-way directional control may be achieved 
by a grille face which can be rotated in 4 positions or by adjustment of 
horizontal and vertical vanes.  Grilles shall be as specified for 
registers, without volume control damper.

2.6.6   Louvers

Louvers for installation in exterior walls that are associated with the air 
supply and distribution system shall be as specified in Section 10201 METAL 
WALL AND DOOR LOUVERS

2.6.7   Air Vents, Penthouses, and Goosenecks

Fabricate Air vents, penthouses, and goosenecks from galvanized steel or 
aluminum sheets with galvanized or aluminum structural shapes.  Sheet metal 
thickness, reinforcement, and fabrication shall conform to SMACNA HVAC Duct 
Const Stds.  Accurately fit and secure louver blades to frames.  Fold or 
bead edges of louver blades for rigidity and baffle these edges to exclude 
driving rain.  Provide air vents, penthouses, and goosenecks with bird 
screen.

2.6.8   Bird Screens and Frames

Bird screens shall conform to ASTM E 2016, No. 2 mesh, aluminum or 
stainless steel.  Aluminum screens shall be rated "medium-light".  
Stainless steel screens shall be rated "light".  Frames shall be removable 
type, and fabricated from either stainless steel or extruded aluminum.

2.7   AIR SYSTEMS EQUIPMENT

2.7.1   Fans

Fans shall be tested and rated according to AMCA 210.  Calculate system 
effect on air moving devices in accordance with AMCA 201 where installed 
ductwork differs from that indicated on drawings.  Install air moving 
devices to minimize fan system effect.  Where system effect is unavoidable, 
determine the most effective way to accomodate the inefficiencies caused by 
system effect on the installed air moving device.  The sound power level of 
the fans shall not exceed 85 dBA when tested per AMCA 300 and rated per 
AMCA 301.  All fans shall have an AMCA seal.  Connect fans to the motors 
either directly or indirectly with V-belt drive.  Use V-belt drives 
designed for not less than 140 percent of the connected driving capacity.  
Motor sheaves shall be variable pitch for 15 hp and below and fixed pitch 
as defined by ARI Guideline D.  Select variable pitch sheaves to drive the 
fan at a speed which will produce the specified capacity when set at the 
approximate midpoint of the sheave adjustment.  When fixed pitch sheaves 
are furnished, provide a replaceable sheave when needed to achieve system 
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air balance.  Provide motors for V-belt drives with adjustable rails or 
bases.  Provide removable metal guards for all exposed V-belt drives, and 
provide speed-test openings at the center of all rotating shafts.  Provide 
fans with personnel screens or guards on both suction and supply ends, 
except that the screens need not be provided, unless otherwise indicated, 
where ducts are connected to the fan.  Provide fan and motor assemblies 
with vibration-isolation supports or mountings as indicated.  Use 
vibration-isolation units that are standard products with published loading 
ratings.  Select each fan to produce the capacity required at the fan 
static pressure indicated.  Sound power level shall be as indicated.  
Obtain the sound power level values according to AMCA 300.  Standard AMCA 
arrangement, rotation, and discharge shall be as indicated.  Power 
ventilators shall conform to UL 705 and shall have a UL label.

2.7.1.1   In-Line Centrifugal Fans

In-line fans shall have centrifugal backward inclined blades, stationary 
discharge conversion vanes, internal and external belt guards, and 
adjustable motor mounts.  Mount fans in a welded tubular casing.  Air shall 
enter and leave the fan axially.  Streamline inlets with conversion vanes 
to eliminate turbulence and provide smooth discharge air flow.  Enclose and 
isolate fan bearings and drive shafts from the air stream.  Fan bearings 
shall be sealed against dust and dirt and shall be permanently lubricated, 
and shall be precision, self aligning ball or roller type.  Bearing life 
shall be L50 rated at not less than 200,000 hours as defined by ABMA 9 and 
ABMA 11.  Motors shall have open enclosure.  Provide motor starters as 
required in Section 16402 Interior Distribution System.

2.7.1.2   Panel Type Power Wall Ventilators

Fans shall be propeller type, assembled on a reinforced metal panel with 
venturi opening spun into panel.  Fans with wheels less than 24 inches in 
diameter shall be direct or V-belt driven and fans with wheels 24 inches 
diameter and larger shall be V-belt drive type.  Provide fans with wall 
mounting collar.  Lubricated bearings shall be provided.  Equip fans with 
wheel and motor side metal or wire guards which have a corrosion-resistant 
finish.  Motor enclosure shall be dripproof type.  Install motor operated 
backdraft dampers where indicated.

2.7.1.3   Ceiling Exhaust Fans

Suspended cabinet-type ceiling exhaust fans shall be centrifugal type, 
direct-driven.  Fans shall have acoustically insulated housing.  Integral 
backdraft damper shall be chatter-proof.  The integral face grille shall be 
of egg-crate design or louver design.  Mount fan motors on vibration 
isolators.  Furnish unit with mounting flange for hanging unit from above.  
Fans shall be U.L. listed.

2.7.2   Coils

2.7.2.1   Electric Heating Coil

Coil shall be an electric duct heater in accordance with UL 1995 and NFPA 70. 
 Coil shall be duct- or unit-mounted.  Coil shall be of the nickel chromium 
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resistor, single stage, strip or stainless steel, fin tubular type.  Coil 
shall be provided with a built-in or surface-mounted high-limit thermostat 
interlocked electrically so that the coil cannot be energized unless the 
fan is energized.  Coil casing and support brackets shall be of galvanized 
steel or aluminum.  Coil shall be mounted to eliminate noise from expansion 
and contraction and be completely accessible for service.

2.7.3   Air Filters

Air filters shall be listed according to requirements of UL 900, except 
high efficiency particulate air filters of 99.97 percent efficiency by the 
DOP Test method shall be as listed under the Label Service and shall meet 
the requirements of UL 586.

2.7.3.1   Extended Surface Pleated Panel Filters

Filters shall be 2 inch depth, sectional, disposable type of the size 
indicated and shall have a MERV of 5 when tested according to ASHRAE 52.2.  
Initial resistance at 500 fpm shall not exceed 0.36 inches water gauge.  
Filters shall be UL Class 2.  Media shall be nonwoven cotton and synthetic 
fiber mat.  A wire support grid bonded to the media shall be attached to a 
moisture resistant fiberboard frame.  All four edges of the filter media 
shall be bonded to the inside of the frame to prevent air bypass and 
increase rigidity.

2.7.3.2   Holding Frames

Fabricate frames from not lighter than 16 gauge sheet steel with 
rust-inhibitor coating.  Equip each holding frame with suitable filter 
holding devices.  Holding frame seats shall be gasketed.  All joints shall 
be airtight.

2.7.3.3   Filter Gauges

Filter gauges shall be dial type, diaphragm actuated draft and shall be 
provided for all filter stations, including those filters which are 
furnished as integral parts of factory fabricated air handling units.  
Gauges shall be at least 3-7/8 inches in diameter, shall have white dials 
with black figures, and shall be graduated in 0.01 inch of water, and shall 
have a minimum range of 1 inch of water beyond the specified final 
resistance for the filter bank on which each gauge is applied.  Each gauge 
shall incorporate a screw operated zero adjustment and shall be furnished 
complete with two static pressure tips with integral compression fittings, 
two molded plastic vent valves, two 5 foot minimum lengths of 1/4 inch 
diameter aluminum tubing, and all hardware and accessories for gauge 
mounting.

2.8   FACTORY PAINTING

Units which are not of galvanized construction according to ASTM A 123/A 
123M or ASTM A 924/A 924M shall be factory painted with a corrosion 
resisting paint finish.  Internal and external ferrous metal surfaces shall 
be cleaned, phosphatized and coated with a paint finish which has been 
tested according to ASTM B 117, ASTM D 1654, and ASTM D 3359.  Evidence of 
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satisfactory paint performance for a minimum of 125 hours for units to be 
installed indoors and 500 hours for units to be installed outdoors shall be 
submitted.  Rating of failure at the scribe mark shall be not less than 6, 
average creepage not greater than 1/8 inch.  Rating of the inscribed area 
shall not be less than 10, no failure.  On units constructed of galvanized 
steel that have been welded, exterior surfaces of welds or welds that have 
burned through from the interior shall receive a final shop docket of 
zinc-rich protective paint according to ASTM D 520 Type I.

2.9   FIELD PAINTING

Clean, pretreat, prime and paint metal surfaces; except aluminum surfaces 
need not be painted.  Apply coatings to clean dry surfaces. Clean the 
surfaces to remove dust, dirt, rust, oil and grease by wire brushing and 
solvent degreasing prior to application of paint, except metal surfaces 
subject to temperatures in excess of 120 degrees F shall be cleaned to bare 
metal.  Where more than one coat of paint is specified, apply the second 
coat after the preceding coat is thoroughly dry.  Lightly sand damaged 
painting and retouch before applying the succeeding coat.  Color of finish 
coat shall be aluminum or light gray.

a.  Temperatures less than 120 degrees F: Immediately after cleaning, 
the metal surfaces subject to temperatures less than 120 degrees F 
shall receive one coat of pretreatment primer applied to a minimum dry 
film thickness of 0.3 mil, one coat of primer applied to a minimum dry 
film thickness of one mil; and two coats of enamel applied to a minimum 
dry film thickness of one mil per coat.

b.  Temperatures between 120 and 400 degrees F: Metal surfaces subject 
to temperatures between 120 and 400 degrees F shall receive two coats 
of 400 degrees F heat-resisting enamel applied to a total minimum 
thickness of two mils.

c.  Temperatures greater than 400 degrees F: Metal surfaces subject to 
temperatures greater than 400 degrees F shall receive two coats of 315 
degrees C 600 degrees F heat-resisting paint applied to a total minimum 
dry film thickness of two mils.

2.10   SUPPLEMENTAL COMPONENTS/SERVICES

2.10.1   Heat Pump Loop Piping

The requirements for heat pump loop water piping and accessories are 
specified in Section 15741N WATER SOURCE HEAT PUMP SYSTEMS.

2.10.2   Condensate Drain Lines

Provide and install condensate drainage for each item of equipment that 
generates condensate in accordance with Section 15400 PLUMBING, GENERAL 
PURPOSE except as modified herein.

2.10.3   Backflow Preventers

The requirements for backflow preventers are specified in Section 15400 
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PLUMBING, GENERAL PURPOSE .

2.10.4   Insulation

The requirements for shop and field applied insulation are specified in 
Section 15080 THERMAL INSULATION FOR MECHANICAL SYSTEMS.

2.10.5   Controls

The requirements for controls are specified in Section 15951 DIRECT DIGITAL 
CONTROL FOR HVAC AND OTHER LOCAL BUILDING SYSTEMS .

PART 3   EXECUTION

3.1   INSTALLATION

Installation shall be as shown and according to the manufacturer's diagrams, 
recommendations and manufacturer's installation instructions.

3.1.1   Condensate Drain Lines

Water seals shall be provided in the condensate drain from all units. .  
The depth of each seal shall be 2 inches plus the number of inches, 
measured in water gauge, of the total static pressure rating of the unit to 
which the drain is connected.  Water seals shall be constructed of 2 tees 
and an appropriate U-bend with the open end of each tee plugged.  Pipe cap 
or plug cleanouts shall be provided where indicated.  Drains indicated to 
connect to the sanitary waste system shall be connected by an indirect 
waste fitting.  Air conditioner drain lines shall be insulated as specified 
in Section 15080 THERMAL INSULATION FOR MECHANICAL SYSTEMS.

3.1.2   Equipment and Installation

Provide frames and supports for tanks, compressors, pumps, valves, air 
handling units, fans, coils, dampers, and other similar items requiring 
supports.  Floor mount or ceiling hang air handling units as indicated.  
The method of anchoring and fastening shall be as detailed.  Set 
floor-mounted equipment on not less than 6 inch concrete pads or curbs 
doweled in place unless otherwise indicated.  Concrete foundations for 
circulating pumps shall be heavy enough to minimize the intensity of the 
vibrations transmitted to the piping and the surrounding structure, as 
recommended in writing by the pump manufacturer.  In lieu of a concrete pad 
foundation, a concrete pedestal block with isolators placed between the 
pedestal block and the floor may be provided.  The concrete foundation or 
concrete pedestal block shall be of a mass not less than three times the 
weight of the components to be supported.  Lines connected to the pump 
mounted on pedestal blocks shall be provided with flexible connectors.  
Furnish foundation drawings, bolt-setting information, and foundation bolts 
prior to concrete foundation construction for all equipment indicated or 
required to have concrete foundations.  Concrete for foundations shall be 
as specified in Section 03300A CAST-IN-PLACE STRUCTURAL CONCRETE .

3.1.3   Access Panels
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Install access panels for concealed valves, vents, controls, dampers, and 
items requiring inspection or maintenance.  Access panels shall be of 
sufficient size and located so that the concealed items may be serviced and 
maintained or completely removed and replaced.  Access panels shall be as 
specified in Section 05500A MISCELLANEOUS METAL .

3.1.4   Flexible Duct

Install pre-insulated flexible duct in accordance with the latest printed 
instructions of the manufacturer to ensure a vapor tight joint.  Hangers, 
when required to suspend the duct, shall be of the type recommended by the 
duct manufacturer and shall be provided at the intervals recommended.

3.1.5   Metal Ductwork

Installation shall be according to SMACNA HVAC Duct Const Stds unless 
otherwise indicated.  Duct supports for sheet metal ductwork shall be 
according to SMACNA HVAC Duct Const Stds, unless otherwise specified.  
Friction beam clamps indicated in SMACNA HVAC Duct Const Stds shall not be 
used.  Risers on high velocity ducts shall be anchored in the center of the 
vertical run to allow ends of riser to move due to thermal expansion.  
Supports on the risers shall allow free vertical movement of the duct.  
Supports shall be attached only to structural framing members and concrete 
slabs.  Supports shall not be anchored to metal decking unless a means is 
provided and approved for preventing the anchor from puncturing the metal 
decking.  Where supports are required between structural framing members, 
suitable intermediate metal framing shall be provided.  Where C-clamps are 
used, retainer clips shall be provided.

3.1.5.1   Radon Exhaust Ductwork

Subslab suction piping shall be perforated where indicated.  PVC joints 
shall be installed as specified in ASTM D 2855.

3.1.6   Fibrous Glass Ductwork

Installation shall be according to the manufacturer's written 
recommendations unless otherwise required in NAIMA AH116.  Duct supports 
for fibrous glass ductwork shall conform to NAIMA AH116.  In those cases 
not covered in NAIMA AH116, the written recommendation of the fibrous duct 
manufacturer shall be followed.

3.1.7   Acoustical Duct Lining

Lining shall be applied in cut-to-size pieces attached to the interior of 
the duct with nonflammable fire resistant adhesive conforming to ASTM C 916, 
Type I, NFPA 90A, UL 723, and ASTM E 84.  Top and bottom pieces shall lap 
the side pieces and shall be secured with welded pins, adhered clips of 
metal, nylon, or high impact plastic, and speed washers or welding cup-head 
pins installed according to SMACNA HVAC Duct Const Stds.  Welded pins, 
cup-head pins, or adhered clips shall not distort the duct, burn through, 
nor mar the finish or the surface of the duct.  Pins and washers shall be 
flush with the surfaces of the duct liner and all breaks and punctures of 
the duct liner coating shall be sealed with the nonflammable, fire 
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resistant adhesive.  Exposed edges of the liner at the duct ends and at 
other joints where the lining will be subject to erosion shall be coated 
with a heavy brush coat of the nonflammable, fire resistant adhesive, to 
prevent delamination of glass fibers.  Duct liner may be applied to flat 
sheet metal prior to forming duct through the sheet metal brake.  Lining at 
the top and bottom surfaces of the duct shall be additionally secured by 
welded pins or adhered clips as specified for cut-to-size pieces.  Other 
methods indicated in SMACNA HVAC Duct Const Stds to obtain proper 
installation of duct liners in sheet metal ducts, including adhesives and 
fasteners, will be acceptable.

3.1.8   Dust Control

To prevent the accumulation of dust, debris and foreign material during 
construction, temporary dust control protection shall be provided.  The 
distribution system (supply and return) shall be protected with temporary 
seal-offs at all inlets and outlets at the end of each day's work.  
Temporary protection shall remain in place until system is ready for 
startup.

3.1.9   Insulation

Thickness and application of insulation materials for ductwork, piping, and 
equipment shall be according to Section 15080 THERMAL INSULATION FOR 
MECHANICAL SYSTEMS.  Outdoor air intake ducts and plenums shall be 
externally insulated up to the point where the outdoor air reaches the 
conditioning unit.

3.1.10   Duct Test Holes

Holes with closures or threaded holes with plugs shall be provided in ducts 
and plenums as indicated or where necessary for the use of pitot tube in 
balancing the air system.  Extensions, complete with cap or plug, shall be 
provided where the ducts are insulated.

3.1.11   Power Transmission Components Adjustment

V-belts and sheaves shall be tested for proper alignment and tension prior 
to operation and after 72 hours of operation at final speed.  Belts on 
drive side shall be uniformly loaded, not bouncing.  Alignment of direct 
driven couplings shall be to within 50 percent of manufacturer's maximum 
allowable range of misalignment.

3.2   PENETRATIONS

Provide sleeves and prepared openings for duct mains, branches, and other 
penetrating items, and install during the construction of the surface to be 
penetrated.  Cut sleeves flush with each surface.  Provide sleeves for 
round duct 15 inches and smaller.  Provide framed prepared openings for 
round duct larger than 15 inches and square, rectangular or oval ducts.  
Sleeves and framed openings are also required where grilles, registers, and 
diffusers are installed at the openings.  Provide one inch clearance 
between penetrating and penetrated surfaces except at grilles, registers, 
and diffusers.  Pack spaces between sleeve or opening and duct or duct 
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insulation with mineral fiber conforming with ASTM C 553, Type 1, Class B-2.

a.  Sleeves: Fabricate sleeves, except as otherwise specified or 
indicated, from 20 gauge thick mill galvanized sheet metal.  Where 
sleeves are installed in bearing walls or partitions, provide black 
steel pipe conforming with ASTM A 53/A 53M, Schedule 20.

b.  Framed Prepared Openings: Fabricate framed prepared openings from 
20 gauge galvanized steel, unless otherwise indicated.

c.  Insulation: Provide duct insulation in accordance with Section 15080
 THERMAL INSULATION FOR MECHANICAL SYSTEMS continuous through sleeves 
and prepared openings except firewall penetrations.  Terminate duct 
insulation at fire dampers and flexible connections.  For duct handling 
air at or below 60 degrees F, provide insulation continuous over the 
damper collar and retaining angle of fire dampers, which are exposed to 
unconditioned air.

d.  Closure Collars: Provide closure collars of a minimum four inches 
wide, unless otherwise indicated, for exposed ducts and items on each 
side of penetrated surface, except where equipment is installed.  
Install collar tight against the surface and fit snugly around the duct 
or insulation.  Grind sharp edges smooth to prevent damage to 
penetrating surface.  Fabricate collars for round ducts 15 inches in 
diameter or less from 20 gauge galvanized steel.  Fabricate collars for 
square and rectangular ducts, or round ducts with minimum dimension 
over 15 inches from 18 gauge galvanized steel.  Fabricate collars for 
square and rectangular ducts with a maximum side of 15 inches or less 
from 20 gauge galvanized steel.  Install collars with fasteners a 
maximum of six inches on center.  Attach to collars a minimum of 4 
fasteners where the opening is 12 inches in diameter or less, and a 
minimum of 8 fasteners where the opening is 20 inches in diameter or 
less.

e.  Firestopping: Where ducts pass through fire-rated walls, fire 
partitions, and fire rated chase walls, seal the penetration with fire 
stopping materials as specified in Section 07840 FIRESTOPPING.

3.3   FIELD PAINTING AND IDENTIFICATION SYSTEMS

3.3.1   Identification Tags

Provide identification tags made of brass, engraved laminated plastic, or 
engraved anodized aluminum, indicating service and item number on all 
valves and dampers.  Tags shall be 1-3/8 inch minimum diameter and marking 
shall be stamped or engraved.  Indentations shall be black for reading 
clarity.  Tags shall be attached to valves with No. 12 AWG, copper wire, 
chrome-plated beaded chain or plastic straps designed for that purpose.

3.3.2   Finish Painting

The requirements for finish painting of items only primed at the factory, 
and surfaces not specifically noted otherwise, are specified in Section 
09900 PAINTS AND COATINGS.
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3.4   DUCTWORK LEAK TEST

Perform ductwork leak test for the entire air distribution and exhaust 
system, including fans, coils, filters, etc. Test procedure, apparatus, and 
report shall conform to SMACNA Leakage Test Mnl.  The maximum allowable 
leakage rate is 2 percent of total cfm.  Ductwork leak test shall be 
completed with satisfactory results prior to applying insulation to 
ductwork exterior.

3.5   DAMPER ACCEPTANCE TEST

Operate all fire dampers and smoke dampers under normal operating 
conditions, prior to the occupancy of a building to determine that they 
function properly.  Test each fire damper equipped with fusible link by 
having the fusible link cut in place.  Test dynamic fire dampers with the 
air handling and distribution system running.  Reset all fire dampers with 
the fusible links replaced after acceptance testing.  To ensure optimum 
operation and performance, install the damper so it is square and free from 
racking.

3.6   TESTING, ADJUSTING, AND BALANCING

The requirements for testing, adjusting, and balancing are specified in 
Section 15990A TESTING, ADJUSTING, AND BALANCING OF HVAC SYSTEMS .  
Testing, adjusting, and balancing shall begin only when the air supply and 
distribution, including controls, has been completed, with the exception of 
performance tests.

3.7   PERFORMANCE TESTS

After testing, adjusting, and balancing is complete as specified, test each 
system as a whole to see that all items perform as integral parts of the 
system and temperatures and conditions are evenly controlled throughout the 
building.  Make corrections and adjustments as necessary to produce the 
conditions indicated or specified.  Capacity tests and general operating 
tests shall be conducted by an experienced engineer.  Tests shall cover a 
period of not less than 3 days for each system and shall demonstrate that 
the entire system is functioning according to the specifications.  Make 
coincidental chart recordings at points indicated on the drawings for the 
duration of the time period and shall record the temperature at space 
thermostats or space sensors, the humidity at space humidistats or space 
sensors and the ambient temperature and humidity in a shaded and weather 
protected area.

3.8   CLEANING AND ADJUSTING

Provide a temporary bypass for water coils to prevent flushing water from 
passing through coils.  Inside of room fan-coil units air terminal units, 
ducts, plenums, and casing shall be thoroughly cleaned of debris and blown 
free of small particles of rubbish and dust and then shall be vacuum 
cleaned before installing outlet faces.  Wipe equipment clean, with no 
traces of oil, dust, dirt, or paint spots.  Temporary filters shall be 
provided prior to startup of all fans that are operated during 
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construction, and new filters shall be installed after all construction 
dirt has been removed from the building, and the ducts, plenums, casings, 
and other items specified have been vacuum cleaned.  Maintain system in 
this clean condition until final acceptance.  Properly lubricate bearings 
with oil or grease as recommended by the manufacturer.  Tighten belts to 
proper tension.  Adjust control valves and other miscellaneous equipment 
requiring adjustment to setting indicated or directed.  Adjust fans to the 
speed indicated by the manufacturer to meet specified conditions.

3.9   OPERATION AND MAINTENANCE TRAINING

The Contractor shall conduct a training course for the members of the 
operating staff as designated by the Contracting Officer.  The training 
period shall consist of a total of 16 hours of normal working time and 
shall start after all work specified herein is functionally completed and 
the Performance Tests have been approved.  The field instruction shall 
cover all of the items contained in the Operation and Maintenance Manuals 
as well as demonstrations of routine maintenance operations.  Notify the 
Contracting Officer at least 14 days prior to the date of proposed conduct 
of the training course.

         -- End of Section --
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SECTION 15951

DIRECT DIGITAL CONTROL FOR HVAC AND OTHER LOCAL BUILDING SYSTEMS
12/01

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AIR MOVEMENT AND CONTROL ASSOCIATION (AMCA)

AMCA 500 (11989; Rev994) Test Methods for Louvers, 
Dampers and Shutters

ASME INTERNATIONAL (ASME)

ASME B40.1 (1991) Gauges - Pressure Indicating Dial 
Type - Elastic Element

ELECTRONIC INDUSTRIES ALLIANCE (EIA)

EIA ANSI/EIA/TIA-232-F (1991) Interface Between Data Technical 
Equipment and Data Circuit-Terminating 
Equipment Employing Serial Binary Data 
Interchange

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C62.41 (1991; R 1995) Recommended Practice for 
Surge Voltages in Low-Voltage AC Power 
Circuits

IEEE Std 142 (1991) IEEE Recommended Practice for 
Grounding of Industrial and Commercial 
Power Systems

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2003) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA ICS 1 (2000) Industrial Control and Systems: 
General Requirements

NEMA ST 1 (1988) Specialty Transformers (Except 
General-Purpose Type)
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NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2005) National Electrical Code

NFPA 90A (2002) Installation of Air Conditioning 
and Ventilating Systems

UNDERWRITERS LABORATORIES (UL)

UL 268A (1998; Rev thru Apr 2003) Smoke Detectors 
for Duct Application

UL 508 (1999; Rev thru Dec 2003) Industrial 
Control Equipment

UL 555S (1999; Rev thru Apr 2003) Smoke Dampers

1.2   GENERAL REQUIREMENTS

The direct digital control (DDC) shall be a complete system suitable for 
the heating, ventilating and air-conditioning (HVAC) system and energy 
management and control system (EMCS), and mechanical, electrical equipment 
and shall be provided by Honeywell Controls.  The Contractor shall utilize 
the existing Operator Workstation located in building 549.  The system 
specified in this document is an extension of the existing Honeywell EMCS 
system.  HVAC shall be defined as all mechanical and electrical equipment 
identified on the contract drawings and herein listed. 

a.  Honeywell controls is the only acceptable manufacturer for DDC 
controllers, software, software programming, and graphic generation.

b.  Honeywell shall re-program the head-end computer to accommodate this 
facility including software database and programming, graphics generation, 
and calibration.  Provide and integrate graphic display screen files into 
the existing system, each consisting of a schematic diagram of a mechanical 
or electrical system with real-time statuses of new inputs and outputs 
superimposed upon the schematic diagram.  In conjunction with existing 
software base packages, the screens shall allow an operator to not only 
view, but also command changes to the statuses of all outputs.

  
c.  This Section contains instructions and engineering requirements for the 
design of the new building control systems required for the operation of 
the building mechanical systems and other electrical systems identified on 
electrical drawings referenced herein.

d.  The controls shall be compatible and fully integrated and connected to 
the Honeywell controls EMCS/DDC system by the Controls Contractor in this 
contract.  The Controls Contractor shall be the sole source of 
responsibility for complete DDC/EMCS controls package.  All controls shall 
be connected to the existing Workstation and graphics provided.  End-to-end 
testing of the head-end computer and this project's remote DDC panels and 
temperature controls and other electrical controls specified in this sect

ion shall be provided by the Controls Contractor.  
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e.  EMCS fiber shall be extended in accordance with electrical drawings.  

f.  The control system shall be designed to provide continuous and 
automatic control of all mechanical or electrical equipment.  Where 
equipment is provided with a packaged control system, such as in the case 
of a boilers, and chillers, the building control systems will interface 
with the equipment's packaged control systems.

g.  The EMCS control panel (DTC cabinet) shall be located in the Base 
Building mechanical room as indicated.  The DDC EMCS panel (or FID) shall 
be located as indicated, panel shall be expandable for future use.  This 
type of control system(s) allows the building operator to easily adjust 
setpoint, operating times and other system parameters, if and when 
necessary, after the building has been occupied.

h.  See the drawings for HVAC control/EMCS point schedules.

i.  Fire alarm condition on any smoke detector or duct smoke detector shall 
automatically initiate the deactivation of the water source heat pump units 
as indicated on electrical drawings.  

j.  All computing devices, shall be as defined in FCC Rules and Regulations 
FCC Part 15, and shall be certified to comply with the requirements for 
Class B computing devices and labeled as set forth in FCC Rules and 
Regulations FCC Part 15.

k.  Controls Contractor Experience - The controls Contractor shall have a 
working knowledge of Honeywell Controls system and experience installing 
these systems.  The Contractor shall provide for approval the names and 
qualification of supervisory personnel (ie. Project Manager and /or 
Superintendent) that will be used on this project.  The Contractor shall 
also provide a list of reference(s) to be contacted from recent projects on 
which the proposed personnel performed similar duties.  Approval shall be 
based on previous experience with Honeywell controls systems, 
qualifications and demonstrated ability of proposed personnel to manage 
resources in an efficient and effective manner.  Experience and supervisory 
personnel qualifications must be submitted and approved before submittal of 
any shop drawing technical data.

l.  Emergency Service - The Government will initiate service calls when the 
installed  DDC/EMCS & electrical equipment is not functioning properly.  
Qualified personnel shall be available to provide service to the complete 
DDC/EMCS & electrical equipment installed under this project.  Qualified 
personnel shall be defined as a factory trained journeyman in the brand of 
control system provided, this level of training shall be considered a 
minimum.  The Government shall be furnished with a telephone number where 
the service supervisor can be reached at all times.  Service personnel 
shall be at the site within 8 hours after receiving a request for service.  
The control system shall be restored to proper operating condition within 3 
calendar days after receiving a request for service.    

m.  Software - The Contractor shall provide all software updates and verify 
operation in the system.  These updates shall be accomplished in a timely 
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manner, fully coordinated with base operators, and shall be incorporated 
into the operations and maintenance manuals, and software documentation 
provided as submittals in this section.  There shall be at least one 
scheduled update near the end of the first year's warranty period, at which 
time Setpoint Systems Inc. shall install and validate the latest released 
version of the their software.    

n.  All utility meters shall be connected to the base EMCS system(s) to 
allow the necessary monitoring.  

o.  Fuses shall not be used for surge protection.

p.  System descriptions and analyses submittal shall include "and shall 
indicate how new system will interface with the existing Base EMCS 
components as manufactured by Honeywell Controls."  

q.  Scheduled inspections shall be at the beginning of construction.

   
Standard Products

Material and equipment shall be the standard products of Honeywell Controls 
or of other manufacturers as described herein, and each component shall 
provide the discrete functions indicated.  Combining of components or 
discrete component functions by using multiple function devices which have 
not been indicated, and deviation from indicated logic shall not be 
permitted.  Items of equipment (individual control system components such 
as pressure sensors, controllers, temperature probes) shall essentially 
duplicate equipment that has been in satisfactory use at least 2 years 
prior to bid opening. All equipment, including installation materials, 
shall conform to the requirements of the Buy American Act or shall  be of 
American manufacture and assembly.  Specific acceptable items of foreign 
manufacture are identified herein. Any equipment or material which does not 
meet these requirement shall be subject to removal and replacement at no 
additional cost to the Government.

   
Identical Items

Items of equipment that perform the same function shall be identical, 
including equipment, assemblies, parts, and components.

   
Configuration

The Contractor shall configure the Direct Digital Control (DDC) system as 
described and shown.  System shall be listed per UL 916.  Direct Digital 
Control panels shall be fully capable of controlling their respective 
systems with or without communication with any host computer system.  All 
computing devices, as defined in FCC rules and Regulations, Part 15, shall 
be certified to comply with the requirements for Class B computing devices 
and labeled as set forth in FCC Rules and Regulations Part 15, Subpart J.  
The system shall provide operator interaction through the existing 
Honeywell Controls  workstation in building 430 or at a local operators 
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terminal.  DDC panels shall manage all control functions within their data 
environment (DE) as specified.  Every connected analog output (AO), analog 
input (AI), Binary output (BO), and Binary input (BI), represents a point 
where referred to in this specification.

   
Connection to Base-Wide EMCS/DDC System

The contractor shall be responsible for connection and integration of the 
Direct Digital Control (DDC) system to the existing Honeywell Controls 
Energy Management and Control System (EMCS).  This includes providing all 
equipment, cabling, software, programming, installation, commissioning, and 
training unless noted otherwise.

   
Database Definition and Graphic Generation

Contractor shall generate required database definitions compatible with the 
existing EMCS databases.  They shall also generate complete and accurate 
dynamic graphics representations of each air handling unit system and all 
other systems as identified in the I/O summary charts as well as complete 
building floor plans showing individual space sensed and set point 
temperature and humidity conditions.

  
Sole Source Requirement

Notwithstanding Section 00700 Contract Clauses FAR 52.236-5, Material and 
Workmanship, DDC controllers, software, software programming, and graphic 
generation shall be manufactured by Honeywell controls. in order that the 
systems installed are by Honeywell Controls, and fully integrated and 
connected to the existing Honeywell Controls EMCS System.  No other product 
will be acceptable.  The Competition Advocate authorizes sole source 
procurement.

1.2.1   Nameplates, Lens Caps, and Tags

Nameplates and lens caps bearing legends as shown and tags bearing 
device-unique identifiers as shown shall have engraved or stamped 
characters.  A plastic or metal tag shall be mechanically attached directly 
to each device or attached by a metal chain or wire.  Each airflow 
measurement station shall have a tag showing flow rate range for signal 
output range, duct size, and identifier as shown.

1.2.2   Verification of Dimensions

After becoming familiar with all details of the work, the Contractor shall 
verify all dimensions in the field, and shall advise the Contracting 
Officer of any discrepancy before performing any work.

1.2.3   Drawings

Because of the small scale of the drawings, it is not possible to indicate 
all offsets, fittings, and accessories that may be required.  The 
Contractor shall carefully investigate the mechanical, electrical, and 
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finish conditions that could affect the work to be performed, shall arrange 
such work accordingly, and shall furnish all work necessary to meet such 
conditions.

1.2.4   Power-Line Surge Protection

Equipment connected to ac circuits shall be protected from power-line 
surges.  Equipment protection shall meet the requirements of IEEE C62.41.  
Fuses shall not be used for surge protection.

1.2.5   Surge Protection for Transmitter and Control Wiring

DDC system control-panel equipment shall be protected against surges 
induced on control and transmitter wiring installed outside and as shown.  
The equipment protection shall be tested in the normal mode and in the 
common mode, using the following two waveforms:

     a.  A 10-microsecond by 1,000-microsecond waveform with a peak voltage 
of 1,500 volts and a peak current of 60 amperes.

     b.  An eight microsecond by 20-microsecond waveform with a peak 
voltage of 1,000 volts and a peak current of 500 amperes.

1.2.6   System Overall Reliability Requirement

The system shall be configured and installed to yield a mean time between 
failure (MTBF) of at least 40,000 hours.  Each DDC controller shall be 
designed, configured, installed and programmed to provide for stand alone 
operation with minimal performance degradation on failure of other system 
components to which it is connected or with which it communicates.

1.2.7   DDC System Network Accessibility

Where the systems to be controlled by the DDC system are located in 
multiple mechanical rooms, each mechanical room shall have at least one 
communication port for the portable workstation/tester.  DDC controllers 
shall be located in the same room as the equipment being controlled or in 
an adjacent space which has direct access to the equipment room.

1.2.8   System Accuracy and Display

The system shall maintain an end-to-end accuracy for one year from sensor 
to operator's console display for the applications specified and shall 
display the value as specified.  Each temperature shall be displayed and 
printed to nearest  0.1 degree F.

1.2.8.1   Space Temperature

Space temperature with a range of  50 to 85 degrees F plus or minus  0.75 
degree F for conditioned space;  30 to 130 degrees F plus or minus  1 
degree F for unconditioned space.

1.2.8.2   Duct Temperature
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Duct temperature with a range of  40 to 140 degrees F plus or minus  2 
degrees F.

1.2.8.3   Outside Air Temperature

Outside air (OA) temperature with a range of  minus 30 to plus 130 degrees F
 plus or minus  2 degrees F; with a subrange of  30 to 100 degrees F plus 
or minus  1 degree F.

1.2.8.4   Water Temperature

Water temperature with a range of  30 to 100 degrees F plus or minus  0.75 
degree F and water temperatures for the purpose of performing  Btu 
calculations using differential temperatures to plus or minus  0.5 degree F 
using matched sensors.

1.2.8.5   Relative Humidity

Relative humidity, within a range of 20 to 80 percent, plus or minus 6.0 
percent of range (display and print to nearest 1.0 percent).

1.2.8.6   Pressure

Pressure with a range for the specific application plus or minus 2.0 
percent of range (display and print to nearest  psi.)

1.2.8.7   Flow

Flow with a range for the specific application plus or minus 3.0 percent of 
range, and flows for the purpose of thermal calculations to plus or minus 
2.0 percent of actual flow (display and print to nearest unit, such as  
gallons per minute).

1.2.8.8   KWh and kW Demand

KWh and kW demand with a range for the specific application plus or minus 
1.0 percent of reading (display and print to nearest kWh or kW).

1.2.8.9   Analog Value Input

An analog value input to the system's equipment via an AI with a maximum 
error of 0.50 percent of range, not including the sensor or transmitter 
error.  This accuracy shall be maintained over the specified environmental 
conditions.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings
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HVAC Control System; G-AE

  Drawings shall be on  34 by 22 inch sheets in the form and 
arrangement shown.  The drawings shall use the same abbreviations, 
symbols, nomenclature and identifiers shown.  Each control system 
element on a drawing shall have a unique identifier as shown.  The 
HVAC Control System Drawings shall be delivered together as a 
complete submittal.  Deviations must be approved by the 
Contracting Officer.  Drawings shall be submitted along with 
Submittal SD-01, Data.

  a.  HVAC Control System Drawings shall include the following:

    Sheet One:  Drawing Index, HVAC Control System Legend.

    Sheet Two:  Valve Schedule, Damper Schedule.

    Sheet Three:  Control System Schematic and Equipment Schedule.

    Sheet Four:  Sequence of Operation and Data Terminal Strip 
Layout.

    Sheet Five:  Control Loop Wiring Diagrams.

    Sheet Six:  Motor Starter and Relay Wiring Diagram.

    Sheet Seven:  Communication Network and Block Diagram.

    Sheet Eight:  DDC Panel Installation and Block Diagram.

(Repeat Sheets Four through Seven for each WSHP System.)

  b.  The HVAC Control System Drawing Index shall show the name 
and number of the building, military site, State or other similar 
designation, and Country.  The Drawing Index shall list HVAC 
Control System Drawings, including the drawing number, sheet 
number, drawing title, and computer filename when used.  The HVAC 
Control System Legend shall show generic symbols and the name of 
devices shown on the HVAC Control System Drawings.

  c.  The valve schedule shall include each valve's unique 
identifier, size, flow coefficient  Cv, pressure drop at specified 
flow rate, spring range, actuator size, close-off pressure data, 
dimensions, and access and clearance requirements data.  Valve 
schedules may be submitted in advance but shall be included in the 
complete submittal.

  d.  The damper schedule shall contain each damper's and each 
actuator's identifier, nominal and actual sizes, orientation of 
axis and frame, direction of blade rotation, spring ranges, 
operation rate, locations of actuators and damper end switches, 
arrangement of sections in multi-section dampers, and methods of 
connecting dampers, actuators, and linkages.  The Damper Schedule 
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shall include the maximum leakage rate at the operating 
static-pressure differential.  The Damper Schedule shall contain 
actuator selection data supported by calculations of the torque 
required to move and seal the dampers, access and clearance 
requirements.  Damper schedules may be submitted in advance but 
shall be included in the complete submittal.

  e.  The HVAC control system schematics shall be in the form 
shown, and shall show all control and mechanical devices 
associated with the HVAC system.  A system schematic drawing shall 
be submitted for each HVAC system.

  f.  The HVAC control system equipment Schedule shall be in the 
form shown.  All devices shown on the drawings having unique 
identifiers shall be referenced in the equipment schedule.  
Information to be included in the equipment schedule shall be the 
control loop, device unique identifier, device function, setpoint, 
input range, and additional important parameters (i.e., output 
range).  An equipment schedule shall be submitted for each HVAC 
system.

  g.  The HVAC control system sequence of operation shall reflect 
the language and format of this specification, and shall refer to 
the devices by their unique identifiers as shown.  No operational 
deviations from specified sequences will be permitted without 
prior written approval of the Contracting Officer.  Sequences of 
operation shall be submitted for each HVAC control system 
including each type of terminal unit control system.

  h.  The HVAC control system wiring diagrams shall be functional 
wiring diagrams which show the interconnection of conductors and 
cables to HVAC control panel terminal blocks and to the identified 
terminals of devices, starters and package equipment.  The wiring 
diagrams shall show necessary jumpers and ground connections.  The 
wiring diagrams shall show the labels of all conductors.  Sources 
of power required for HVAC control systems and for packaged 
equipment control systems shall be identified back to the panel 
board circuit breaker number, HVAC system control panel, magnetic 
starter, or packaged equipment control circuit.  Each power supply 
and transformer not integral to a controller, starter, or packaged 
equipment shall be shown.  The connected volt-ampere load and the 
power supply volt-ampere rating shall be shown.  Wiring diagrams 
shall be submitted for each HVAC control system.

SD-03 Product Data

Service Organizations

  Six copies of a list of service organizations qualified to 
service the HVAC control system.  The list shall include the 
service organization name, address, technical point of contact and 
telephone number, and contractual point of contact and telephone 
number.
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Equipment Compliance Booklet

  The HVAC Control System Equipment Compliance Booklet (ECB) shall 
be in booklet form and indexed, with numbered tabs separating the 
information on each device.  It shall consist of, but not be 
limited to, data sheets and catalog cuts which document compliance 
of all devices and components with the specifications.  The ECB 
shall be indexed in alphabetical order by the unique identifiers.  
Devices and components which do not have unique identifiers shall 
follow the devices and components with unique identifiers and 
shall be indexed in alphabetical order according to their 
functional name.  The ECB shall include a Bill of Materials for 
each HVAC Control System.  The Bill of Materials shall function as 
the Table of Contents for the ECB and shall include the device's 
unique identifier, device function, manufacturer, 
model/part/catalog number used for ordering, and tab number where 
the device information is located in the ECB.  The ECB shall be 
submitted along with Submittal SD-04, Drawings.

Performance Verification Test Procedures

  Six copies of the HVAC Control System Performance Verification 
Test Procedures, in booklet form and indexed, 60 days before the 
Contractor's scheduled test dates.  The performance verification 
test procedures shall refer to the devices by their unique 
identifiers as shown, shall explain, step-by-step, the actions and 
expected results that will demonstrate that the HVAC control 
system performs in accordance with the sequences of operation, and 
other contract documents.  An HVAC control system performance 
verification test equipment list shall be included that lists the 
equipment to be used during performance verification testing.  The 
list shall include manufacturer name, model number, equipment 
function, the date of the latest calibration, and the results of 
the latest calibration.

Training; G-AO

  An outline for the HVAC control system training course with a 
proposed time schedule.  Approval of the planned training schedule 
shall be obtained from the Government at least 60 days prior to 
the start of the training.  Six copies of HVAC control system 
training course material 30 days prior to the scheduled start of 
the training course.  The training course material shall include 
the operation manual, maintenance and repair manual, and paper 
copies of overheads used in the course.

Database Definition and Graphic Generation

Contractor shall generate required database definitions compatible 
with the existing EMCS databases.  They shall also generate 
complete and accurate dynamic graphics representations of each air 
handling unit system and all other systems as identified in the 
I/O summary charts as well as complete building floor plans 
showing individual space sensed and set point temperature and 

SECTION 15951  Page 14



Air Traffic Control Tower, Offutt AFB, NE OF33

humidity conditions.

SD-06 Test Reports

Performance Verification Test; G-AO

  Six copies of the HVAC Control System Performance Verification 
Test Report, in booklet form and indexed, within 30 days after 
completion of the test.  The HVAC control system performance 
verification test report shall include data collected during the 
HVAC control system performance verification test.  The original 
copies of all data gathered during the performance verification 
test shall be turned over to the Government after Government 
approval of the test results.

SD-10 Operation and Maintenance Data

Operation Manual
Maintenance and Repair Manual

  Six copies of the HVAC Control System Operation Manual and HVAC 
Control System Maintenance and Repair Manual, for each HVAC 
control system, 30 days before the date scheduled for the training 
course.

1.4   DELIVERY AND STORAGE

Products shall be stored with protection from the weather, humidity and 
temperature variations, dirt and dust, and other contaminants, within the 
storage condition limits published by the equipment manufacturer.  Dampers 
shall be stored so that seal integrity, blade alignment and frame alignment 
are maintained.

1.5   OPERATION MANUAL

An HVAC control system operation manual in indexed booklet form shall be 
provided for each HVAC control system.  The operation manual shall include 
the HVAC control system sequence of operation, and procedures for the HVAC 
system start-up, operation and shut-down.  The operation manual shall 
include as-built HVAC control system detail drawings.  The operation manual 
shall include the as-built configuration checksheets, the procedures for 
changing HVAC control system setpoints, and the procedures for placing HVAC 
system controllers in the manual control mode.

     a.  The procedures for changing HVAC control system setpoints shall 
describe the step-by-step procedures required to change the process 
variable setpoints, the alarm setpoints, the bias settings, and setpoint 
reset schedules.

     b.  The procedures for placing HVAC system controllers in the manual 
control mode shall describe step-by-step procedures required to obtain 
manual control of each controlled device and to manually adjust their 
positions.
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1.6   MAINTENANCE AND REPAIR MANUAL

An HVAC control system maintenance and repair manual in indexed booklet 
form in hardback binders shall be provided for each HVAC control system.  
The maintenance and repair manual shall include the routine maintenance 
checklist, a recommended repair methods list, a list of recommended 
maintenance and repair tools, the qualified service organization list, the 
as-built performance verification test procedures and report, and the 
as-built equipment data booklet.

     a.  The routine maintenance checklist shall be arranged in a columnar 
format.  The first column shall list all devices listed in the equipment 
compliance booklet, the second column shall state the maintenance activity 
or state no maintenance required, the third column shall state the 
frequency of the maintenance activity, and the fourth column for additional 
comments or reference.

     b.  The recommended repair methods list shall be arranged in a 
columnar format and shall list all devices in the equipment data compliance 
booklet and state the guidance on recommended repair methods, either field 
repair, factory repair, or whole-item replacement.

     c.  The as-built equipment data booklet shall include the equipment 
compliance booklet and manufacturer supplied user manuals and information.

     d.  If the operation manual and the maintenance and repair manual are 
provided in a common volume, they shall be clearly differentiated and 
separately indexed.

1.7   MAINTENANCE AND SERVICE

Services, materials and equipment shall be provided as necessary to 
maintain the entire system in an operational state as specified for a 
period of one year after successful completion and acceptance of the 
Performance Verification Test.  Impacts on facility operations shall be 
minimized.

1.7.1   Description of Work

The adjustment and repair of the system shall include the manufacturer's 
required adjustments of computer equipment, software updates, transmission 
equipment and instrumentation and control devices.

1.7.2   Personnel

Service personnel shall be qualified to accomplish work promptly and 
satisfactorily.  The Government shall be advised in writing of the name of 
the designated service representative, and of any changes in personnel.

1.7.3   Scheduled Inspections

Two inspections shall be performed at six-month intervals and all work 
required shall be performed.  Inspections shall be scheduled in June and 
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December.  These inspections shall include:

     a.  Visual checks and operational tests of equipment.

     b.  Fan checks and filter changes for control system equipment.

     c.  Clean control system equipment including interior and exterior 
surfaces.

     d.  Check and calibrate each field device.  Check and calibrate 50 
percent of the total analog points during the first inspection.  Check and 
calibrate the remaining 50 percent of the analog points during the second 
major inspection.  Certify analog test instrumentation accuracy to be twice 
that of the device being calibrated.  Randomly check at least 25 percent of 
all digital points for proper operation during the first inspection.  
Randomly check at least 25 percent of the remaining digital points during 
the second inspection.

     e.  Run system software diagnostics and correct diagnosed problems.

     f.  Resolve any previous outstanding problems.

1.7.4   Scheduled Work

This work shall be performed during regular working hours, Monday through 
Friday, excluding legal holidays.

1.7.5   Emergency Service

The Government will initiate service calls when the system is not 
functioning properly.  Qualified personnel shall be available to provide 
service to the system.  A telephone number where the service supervisor can 
be reached at all times shall be provided.  Service personnel shall be at 
the site within 24 hours after receiving a request for service.  The 
control system shall be restored to proper operating condition within three 
calendar days after receiving a request for service.

1.7.6   Operation

Scheduled adjustments and repairs shall include verification of the control 
system operation as demonstrated by the applicable tests of the performance 
verification test.

1.7.7   Records and Logs

Dated records and logs shall be kept of each task, with cumulative records 
for each major component, and for the complete system chronologically.  A 
continuous log shall be maintained for all devices.  The log shall contain 
initial analog span and zero calibration values and digital points.  
Complete logs shall be kept and shall be available for inspection onsite, 
demonstrating that planned and systematic adjustments and repairs have been 
accomplished for the control system.

1.7.8   Work Requests
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Each service call request shall be recorded as received and shall include 
the serial number identifying the component involved, its location, date 
and time the call was received, nature of trouble, names of the service 
personnel assigned to the task, instructions describing what has to be 
done, the amount and nature of the materials to be used, the time and date 
work started, and the time and date of completion.  A record of the work 
performed shall be submitted within 5 days after work is accomplished.

1.7.9   System Modifications

Recommendations for system modification shall be submitted in writing.  No 
system modifications, including operating parameters and control settings, 
shall be made without prior approval of the Government.  Any modifications 
made to the system shall be incorporated into the operations and 
maintenance manuals, and other documentation affected.

1.7.10   Software

Updates to the software shall be provided for system, operating and 
application software, and operation in the system shall be verified.  
Updates shall be incorporated into operations and maintenance manuals, and 
software documentation.  There shall be at least one scheduled update near 
the end of the first year's warranty period, at which time the latest 
released version of the Contractor's software shall be installed and 
validated.

PART 2   PRODUCTS

2.1   GENERAL EQUIPMENT REQUIREMENTS

Units of the same type of equipment shall be products of a single 
manufacturer.  Each major component of equipment shall have the 
manufacturer's name and address, and the model and serial number in a 
conspicuous place.  Materials and equipment shall be standard products of a 
manufacturer regularly engaged in the manufacturing of such products, which 
are of a similar material, design and workmanship.  The standard products 
shall have been in a satisfactory commercial or industrial use for two 
years prior to use on this project.  The two years' use shall include 
applications of equipment and materials under similar circumstances and of 
similar size.  The two years' experience shall be satisfactorily completed 
by a product which has been sold or is offered for sale on the commercial 
market through advertisements, manufacturers' catalogs, or brochures.  
Products having less than a two-year field service record will be 
acceptable if a certified record of satisfactory field operation, for not 
less than 6,000 hours exclusive of the manufacturer's factory tests, can be 
shown.  The equipment items shall be supported by a service organization.  
Items of the same type and purpose shall be identical, including equipment, 
assemblies, parts and components.  Automatic temperature controls shall be 
direct digital controls that will provide the required sequence of 
operation.

2.1.1   Electrical and Electronic Devices
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Electrical, and electronic devices not located within a DDC panel shall 
have a NEMA ICS 1 enclosure in accordance with NEMA 250 unless otherwise 
shown.

2.1.2   Standard Signals

Except for air distribution terminal unit control equipment, the output of 
all analog transmitters and the analog input and output of all DDC 
controllers shall be 4-to-20 mAdc signals.  The signal shall originate from 
current-sourcing devices and shall be received by current-sinking devices.

2.1.3   Ambient Temperature Limits

DDC panels shall have ambient condition ratings of  35 to 120 degrees F and 
10 to 95 percent relative humidity, noncondensing.  Devices installed 
outdoors shall operate within limit ratings of  minus 35 to plus 150 
degrees F.  Instrumentation and control elements shall be rated for 
continuous operation under the ambient environmental temperature, pressure, 
humidity, and vibration conditions specified or normally encountered for 
the installed location.

2.2   WIRING

2.2.1   Terminal Blocks

Terminal blocks shall be insulated, modular, feed-through, clamp style with 
recessed captive screw-type clamping mechanism, shall be suitable for rail 
mounting, and shall have end plates and partition plates for separation or 
shall have enclosed sides.

2.2.2   Control Wiring for 24-Volt Circuits

Control wiring for 24-volt circuits shall be 18 AWG minimum, stranded 
copper and shall be rated for 300-volt service.

2.2.3   Wiring for 120-Volt Circuits

Wiring for 120-volt circuits shall be 18 AWG minimum, stranded copper and 
shall be rated for 600-volt service.

2.2.4   Instrumentation Cable

Instrumentation cable shall be 18 AWG, stranded copper, single- or 
multiple-twisted, minimum  2 inch lay of twist, 100 percent shielded pairs, 
and shall have a 300-volt insulation.  Each pair shall have a 20 AWG 
tinned-copper drain wire and individual overall pair insulation.  Cables 
shall have an overall aluminum-polyester or tinned-copper cable-shield 
tape, overall 20 AWG tinned-copper cable drain wire, and overall cable 
insulation.

2.2.5   Transformers

Step down transformers shall be utilized where control equipment operates 
at lower than line circuit voltage.  Transformers, other than transformers 
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in bridge circuits, shall have primaries wound for the voltage available 
and secondaries wound for the correct control circuit voltage.  Transformer 
shall be sized so that the connected load is 80 percent of the rated 
capacity or less.  Transformers shall conform to UL 508 and NEMA ST 1.

2.3   ACTUATORS

Actuators shall be electric or electronic as shown and shall be provided 
with mounting and connecting hardware.  Actuators shall fail to their 
spring-return positions on signal or power failure.  The actuator stroke 
shall be limited in the direction of power stroke by an adjustable stop.  
Actuators shall have a visible position indicator.  Actuators shall 
smoothly open or close the devices to which they are applied and shall have 
a full stroke response time of 90 seconds or less.  Electric actuators 
shall have an oil-immersed gear train.  Electric or electronic actuators 
operating in series shall have an auxiliary actuator driver.  Electric or 
electronic actuators used in sequencing applications shall have an 
adjustable operating range and start point.

2.3.1   Valve Actuators

Valve actuators shall be selected to provide a minimum of 125 percent of 
the motive power necessary to operate the valve over its full range of 
operation.

2.4   AUTOMATIC CONTROL VALVES

Valves shall have stainless-steel stems and stuffing boxes with extended 
necks to clear the piping insulation.  Unless otherwise stated, valves 
shall have globe style bodies.  Valve bodies shall be designed for not less 
than  125 psig working pressure or 150 percent of the system operating 
pressure, whichever is greater.  Valve leakage rating shall be 0.01 percent 
of rated  Cv.  Unless otherwise specified, bodies for valves  1-1/2 inches 
and smaller shall be brass or bronze, with threaded or union ends; bodies 
for  2 inch valves shall have threaded ends; and bodies for valves  2 to 3 
inches shall be of brass, bronze or iron.  Bodies for valves  2-1/2 inches 
and larger shall be provided with flanged-end connections.  Valve  Cv shall 
be within 100 to 125 percent of the  Cv shown.

2.4.1   Butterfly Valve Assembly

Butterfly valves shall be threaded lug type suitable for dead-end service 
and modulation to the fully-closed position, with carbon-steel bodies and 
noncorrosive discs, stainless steel shafts supported by bearings, and EPDM 
seats suitable for temperatures from  minus 20 to plus 250 degrees F.  
Valves shall have a manual means of operation independent of the actuator.  
The rated  Cv for butterfly valves shall be the value  Cv at 70% open (60 
degrees open).

2.4.2   Two-Way Valves

Two-way modulating valves shall have equal-percentage characteristics.

2.4.3   Three-Way Valves
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Three-way valves shall provide linear flow control with constant total flow 
throughout full plug travel.

2.4.4   Valves for Heat Pump Water Service

Internal valve trim shall be bronze except that valve stems may be type 316 
stainless steel.  Valve  Cv shall be within 100 to 125 percent of the  Cv 
shown.  Valves  4 inches and larger shall be butterfly.

2.4.5   Valves for Steam Service

Bodies for valves  4 inches and larger shall be iron.  Internal valve trim 
shall be Type 316 stainless steel.  Valve  Cv shall be not less than shown 
nor greater than the  Cv of the manufacturer's next larger size.

2.5   DAMPERS

2.5.1   Damper Assembly

A single damper section shall have blades no longer than  48 inches and 
shall be no higher than  72 inches.  Maximum damper blade width shall be  8 
inches.  Larger sizes shall be made from a combination of sections.  
Dampers shall be steel, or other materials where shown.  Flat blades shall 
be made rigid by folding the edges.  Blade-operating linkages shall be 
within the frame so that blade-connecting devices within the same damper 
section shall not be located directly in the air stream.  Damper axles 
shall be  0.5 inch minimum, plated steel rods supported in the damper frame 
by stainless steel or bronze bearings.  Blades mounted vertically shall be 
supported by thrust bearings.  Pressure drop through dampers shall not 
exceed  0.04 inch water gauge at 1,000 feet per minute in the wide-open 
position.  Frames shall not be less than  2 inches in width.  Dampers shall 
be tested in accordance with AMCA 500.

2.5.2   Operating Links

Operating links external to dampers, such as crankarms, connecting rods, 
and line shafting for transmitting motion from damper actuators to dampers, 
shall withstand a load equal to at least twice the maximum required 
damper-operating force.  Rod lengths shall be adjustable.  Links shall be 
brass, bronze, zinc-coated steel, or stainless steel.  Working parts of 
joints and clevises shall be brass, bronze, or stainless steel.  
Adjustments of crankarms shall control the open and closed positions of 
dampers.

2.5.3   Damper Types

Dampers shall be parallel-blade type.

2.5.3.1   Outside Air, Return Air, and Relief Air Dampers

Outside air, return air and relief air dampers shall be provided where 
shown.  Blades shall have interlocking edges and shall be provided with 
compressible seals at points of contact.  The channel frames of the dampers 
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shall be provided with jamb seals to minimize air leakage.  Dampers shall 
not leak in excess of  20 cfm per square foot at  4 inches water gauge 
static pressure when closed.  Seals shall be suitable for an operating 
temperature range of  minus 40 to plus 200 degrees F.  Dampers shall be 
rated at not less than  2,000 feet per minute air velocity.

2.5.3.2   Mechanical and Electrical Space Ventilation Dampers

Mechanical and electrical space ventilation dampers shall be as shown.  
Dampers shall not leak in excess of  80 cfm square foot at  4 inches water 
gauge static pressure when closed.  Dampers shall be rated at not less than 
 1,500 feet per minute air velocity.

2.5.3.3   Smoke Dampers

Smoke-damper and actuator assembly required per NFPA 90A shall meet the 
Class II leakage requirements of UL 555S.  Dampers shall be rated at not 
less than  2000 fpm air velocity.

2.5.4   Damper End Switches

Each end switch shall be a hermetically sealed switch with a trip lever and 
over-travel mechanism.  The switch enclosure shall be suitable for mounting 
on the duct exterior and shall permit setting the position of the trip 
lever that actuates the switch.  The trip lever shall be aligned with the 
damper blade.

2.6   SMOKE DETECTORS

Duct smoke detectors shall be provided in supply and return air ducts in 
accordance with NFPA 90A.  Duct smoke detectors shall conform to the 
requirements of UL 268A.  Duct smoke detectors shall have perforated 
sampling tubes extended into the air duct.  Detector circuitry shall be 
mounted in a metallic enclosure exterior to the duct.  Detectors shall have 
manual reset.  Detectors shall be rated for air velocities that include air 
flows between  500 and 4000 fpm.  Detectors shall be powered from the fire 
alarm control panel (FACP).  Detectors shall have two sets of normally open 
alarm contacts and two sets of normally closed alarm contacts.  Detectors 
shall be connected to the building fire alarm panel for alarm initiation.  
A remote annunciation lamp and accessible remote reset switch shall be 
provided for duct detectors that are mounted eight feet or more above the 
finished floor and for detectors that are not readily visible.  Remote 
lamps and switches as well as the affected fan units shall be properly 
identified in etched rigid plastic placards.

2.7   INSTRUMENTATION

2.7.1   Measurements

Transmitters shall be calibrated to provide the following measurements, 
over the indicated ranges, for an output of 4 to 20 mAdc:

     a.  Conditioned space temperature, from 50 to 85 degrees F.
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     b.  Duct temperature, from 40 to 140 degrees F.

     c.  Heat pump water temperature, from 30 to 100 degrees F.

     d.  Outside-air temperature, from minus 30 to 130 degrees F.

     e.  Relative humidity, 0 to 100 percent for space and duct high-limit 
applications.

     f.  Differential pressure for heat pump loop pump static pressure from 
0 to 25 feet water gauge.

     g.  Pitot-tube air-flow measurement station and transmitter, from 0 to 
0.1 inch water gauge for flow velocities of 700 to 1200 fpm, 0 to 0.25 inch 
water gauge for velocities of 700 to 1800 fpm, or 0 to 0.5 inch water gauge 
for velocities of 700 to 2500 fpm.

     h.  Electronic air-flow measurement station and transmitter, from 125 
to 2500 fpm.

2.7.2   Temperature Instruments

2.7.2.1   Resistance Temperature Detectors (RTD)

Temperature sensors shall be 100 ohms 3- or 4-wire RTD.  Each RTD shall be 
platinum with a tolerance of  0.54 degrees F at  32 degrees F with a 
temperature coefficient of resistance (TCR) of  .00214 ohms/ohm/deg F and 
shall be encapsulated in epoxy, series 300 stainless steel, anodized 
aluminum, or copper.  Each RTD shall be furnished with an RTD transmitter 
as specified, integrally mounted unless otherwise shown.

2.7.2.2   Continuous Averaging RTD

Continuous averaging RTDs shall have a tolerance of plus or minus  1.0 
degree F at the reference temperature, and shall be of sufficient length to 
ensure that the resistance represents an average over the cross section in 
which it is installed.  The sensing element shall have a bendable copper 
sheath.  Each averaging RTD shall be furnished with an RTD transmitter to 
match the resistance range of the averaging RTD.

2.7.2.3   RTD Transmitter

The RTD transmitter shall match the resistance range of the RTD.  The 
transmitter shall be a two-wire, loop powered device.  The transmitter 
shall produce a linear 4-to-20 mAdc output corresponding to the required 
temperature measurement.  The output error shall not exceed 0.1 percent of 
the calibrated measurement.

2.7.3   Relative Humidity Instruments

A relative-humidity instrument for indoor application shall have a 
measurement range from 0 to 100 percent relative-humidity and be rated for 
operation at ambient air temperatures within the range of  25 to 130 
degrees F.  It shall be capable of being exposed to a condensing air stream 
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(100 percent RH) with no adverse effect to the sensor's calibration or 
other harm to the instrument.  The instrument shall be of the wall-mounted 
or duct-mounted type, as required by the application, and shall be provided 
with any required accessories.  Instruments used in duct high-limit 
applications shall have a bulk polymer resistive sensing element.  
Duct-mounted instruments shall be provided with a duct probe designed to 
protect the sensing element from dust accumulation and mechanical damage.  
The instrument (sensing element and transmitter) shall be a two-wire, 
loop-powered device and shall have an accuracy of plus or minus three 
percent of full scale within the range of 20 to 80 percent relative 
humidity.  The instrument shall have a typical long-term stability of 1 
percent or less drift per year.  The transmitter shall convert the sensing 
element's output to a linear 4-20 mAdc output signal in proportion to the 
measured relative-humidity value.  The transmitter shall include offset and 
span adjustments.

2.7.4   Electronic Airflow Measurement Stations and Transmitters

2.7.4.1   Stations

Each station shall consist of an array of velocity sensing elements and an 
air-flow straightener.  Air-flow straightener shall be contained in a 
flanged sheet metal or aluminum casing.  The velocity sensing elements 
shall be of the RTD or thermistor type, producing a temperature compensated 
output.  The sensing elements shall be distributed across the duct cross 
section in the quantity and pattern specified by the published application 
data of the station manufacturer.  The resistance to air flow through the 
airflow measurement station shall not exceed  0.08 inch water gauge at an 
airflow of  2,000 fpm.  Station construction shall be suitable for 
operation at airflows of up to  5,000 fpm over a temperature range of  40 
to 120 degrees F, and accuracy shall be plus or minus three percent over a 
range of  125 to 2,500 fpm.  In outside air measurement or in 
low-temperature air delivery applications, the station shall be certified 
by the manufacturer to be accurate as specified over a temperature range of 
 minus 20 to plus 120 degrees F.  In outside air measurement 
applications,the air flow straightener shall be constructed of  1/8 inch 
aluminum honeycomb and the depth of the straightener shall not be less than 
 1.5 inches.

2.7.4.2   Transmitters

Each transmitter shall produce a linear, 4-to-20 mAdc, output corresponding 
to the required velocity pressure measurement.  The transmitter shall be a 
two-wire, loop powered device.  The output error of the transmitter shall 
not exceed 0.5 percent of the calibrated measurement.

2.7.5   Pitot Tube Airflow Measurement Stations and Transmitters

2.7.5.1   Stations

Each station shall contain an array of velocity sensing elements and 
straightening vanes inside a flanged sheet metal casing.  The velocity 
sensing elements shall be of the multiple pitot tube type with averaging 
manifolds.  The sensing elements shall be distributed across the duct cross 
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section in the quantity and pattern specified by the published installation 
instructions of the station manufacturer.  The resistance to air flow 
through the airflow measurement station shall not exceed  0.08 inch water 
gauge at an airflow of  2,000 fpm.  Station construction shall be suitable 
for operation at airflows of up to  5,000 fpm over a temperature range of  
40 to 120 degrees F, and accuracy shall be plus or minus three percent over 
a range of  500 to 2,500 fpm.  This device will not be used if the required 
velocity measurement is below  700 fpm or for outside airflow measurements.

2.7.5.2   Transmitters

Each transmitter shall produce a linear 4-to-20 mAdc output corresponding 
to the required velocity pressure measurement.  Each transmitter shall have 
a low range differential pressure sensing element.  The transmitter shall 
be a two-wire, loop powered device.  Sensing element accuracy shall be plus 
or minus one percent of full scale, and overall transmitter accuracy shall 
be plus or minus 0.25 percent of the calibrated measurement.

2.7.6   Differential Pressure Instruments

The instrument shall be a pressure transmitter with an integral sensing 
element.  The instrument over pressure rating shall be 300 percent of the 
operating pressure.  The sensor/transmitter assembly accuracy shall be plus 
or minus two percent of full scale.  The transmitter shall be a two-wire, 
loop-powered device.  The transmitter shall produce a linear 4-to-20 mAdc 
output corresponding to the required pressure measurement.

2.7.7   Thermowells

Thermowells shall be Series 300 stainless steel with threaded brass plug 
and chain,  2 inch lagging neck and extension type well.  Inside diameter 
and insertion length shall be as required for the application.

2.7.8   Sunshields

Sunshields for outside air temperature sensing elements shall prevent the 
sun from directly striking the temperature sensing elements.  The 
sunshields shall be provided with adequate ventilation so that the sensing 
element responds to the ambient temperature of the surroundings.  The top 
of each sunshield shall have a galvanized metal rainshield projecting over 
the face of the sunshield.  The sunshields shall be painted white.

2.8   THERMOSTATS

Thermostat ranges shall be selected so that the setpoint is adjustable 
without tools between plus or minus  10 degrees F of the setpoint shown.  
Thermostats shall be electronic or electric.

2.8.1   Nonmodulating Room Thermostats

Contacts shall be single-pole double-throw (SPDT), hermetically sealed, and 
wired to identified terminals.  Maximum differential shall be  5 degrees F.
  Room thermostats shall be enclosed with separate locking covers (guards).
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2.8.2   Microprocessor Based Room Thermostats
Microprocessor based thermostats shall have built-in keypads for scheduling 
of day and night temperature settings.  When out of the scheduling mode, 
thermostats shall have continuous display of time, with AM and PM 
indicator, continuous display of day of week, and either continuous display 
of room temperature with display of temperature setpoint on demand, or 
continuous display of temperature setpoint with display of room temperature 
on demand.  In the programmable mode, the display shall be used for 
interrogating time program ON-OFF setpoints for all seven days of the week. 
 The time program shall allow two separate temperature setback intervals 
per day.  The thermostats shall have a means for temporary and manual 
override of the program schedule, with automatic program restoration on the 
following day.  Thermostats shall have a replaceable battery to maintain 
the timing and maintain the schedule in memory for one year in the event of 
a power outage.  Maximum differential shall be  2 degrees F.  When used for 
heat pump applications, the thermostat shall have an emergency heat switch.

2.8.3   Modulating Room Thermostats

Modulating room thermostats shall have either one output signal, two output 
signals operating in unison, or two output signals operating in sequence, 
as required for the application.  Each thermostat shall have an adjustable 
throttling range of  4 to 8 degrees F for each output.  Room thermostats 
shall be enclosed with separate locking covers (guards).

2.8.4   Nonmodulating Capillary Thermostats and Aquastats

Each thermostat shall have a capillary length of at least  5 feet, shall 
have adjustable direct-reading scales for both setpoint and differential, 
and shall have a differential adjustable from  6 to 16 degrees F.  
Aquastats shall be of the strap on type, with  10 degrees F fixed 
differential.

2.8.5   Modulating Capillary Thermostats

Each thermostat shall have either one output signal, two output signals 
operating in unison, or two output signals operating in sequence, as 
required for the application.  Thermostats shall have adjustable throttling 
ranges of  4 to 8 degrees F for each output.

2.9   PRESSURE SWITCHES AND SOLENOID VALVES

2.9.1   Pressure Switches

Each switch shall have an adjustable setpoint with visible setpoint scale.  
Range shall be as shown.  Differential adjustment shall span 20 to 40 
percent of the range of the device.

2.9.2   Differential-Pressure Switches

Each switch shall be an adjustable diaphragm-operated device with two SPDT 
contacts, with taps for sensing lines to be connected to duct pressure 
fittings designed to sense air pressure.  These fittings shall be of the 
angled-tip type with tips pointing into the air stream.  The setpoint shall 
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not be in the upper or lower quarters of the range and the range shall not 
be more than three times the setpoint.  Differential shall be a maximum of  
0.15 inch water gauge at the low end of the range and  0.35 inch water gauge
 at the high end of the range.

2.10   INDICATING DEVICES

2.10.1   Thermometers

Mercury shall not be used in thermometers.

2.10.1.1   Piping System Thermometers

Piping system thermometers shall have brass, malleable iron or aluminum 
alloy case and frame, clear protective face, permanently stabilized glass 
tube with indicating-fluid column, white face, black numbers, and a  9 inch 
scale.  Thermometers for piping systems shall have rigid stems with 
straight, angular, or inclined pattern.

2.10.1.2   Piping System Thermometer Stems

Thermometer stems shall have expansion heads as required to prevent 
breakage at extreme temperatures.  On rigid-stem thermometers, the space 
between bulb and stem shall be filled with a heat-transfer medium.

2.10.1.3   Nonaveraging Air-Duct Thermometers

Air-duct thermometers shall have perforated stem guards and 45-degree 
adjustable duct flanges with locking mechanism.

2.10.1.4   Averaging Air-Duct Thermometers

Averaging thermometers shall have a  3-1/2 inch (nominal) dial, with black 
legend on white background, and pointer traveling through a 270-degree arc.

2.10.1.5   Accuracy

Thermometers shall have an accuracy of plus or minus one percent of scale 
range.  Thermometers shall have a range suitable for the application.

2.10.2   Pressure Gauges

Gauges shall be  2 inch (nominal) size, back connected, suitable for field 
or panel mounting as required, shall have black legend on white background, 
and shall have a pointer traveling through a 270-degree arc.  Accuracy 
shall be plus or minus three percent of scale range.  Gauges shall meet 
requirements of ASME B40.1.

2.10.3   Low Differential Pressure Gauges

Gauges for low differential pressure measurements shall be a minimum of  
3.5 inch (nominal) size with two sets of pressure taps, and shall have a 
diaphragm-actuated pointer, white dial with black figures, and pointer zero 
adjustment.  Gauges shall have ranges and graduations as shown.  Accuracy 
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shall be plus or minus two percent of scale range.

2.11   CONTROL DEVICES AND ACCESSORIES

2.11.1   Relays

Control relay contacts shall have utilization category and ratings selected 
for the application, with a minimum of two sets of contacts (two normally 
open, two normally closed) enclosed in a dustproof enclosure.  Relays shall 
be rated for a minimum life of one million operations.  Operating time 
shall be 20 milliseconds or less.  Relays shall be equipped with coil 
transient suppression devices to limit transients to 150 percent of rated 
coil voltage.  Time delay relays shall be 2PDT with eight-pin connectors, 
dust cover, and a matching rail-mounted socket.  Adjustable timing range 
shall be 0 to 5 minutes.  Power consumption shall not be greater than three 
watts.

2.11.2   Current Sensing Relays

Current sensing relays shall provide a normally-open contact rated at a 
minimum of 50 volts peak and 1/2 ampere or 25 VA, noninductive.  There 
shall be a single hole for passage of current carrying conductors.  The 
devices shall be sized for operation at 50 percent rated current based on 
the connected load.  Voltage isolation shall be a minimum of 600 volts.

2.11.3   Power-Line Conditioners (PLC)

Power line conditioners shall be furnished for each DDC panel.  The PLCs 
shall provide both voltage regulation and noise rejection.  The PLCs shall 
be of the ferro-resonant design, with no moving parts and no tap switching, 
while electrically isolating the secondary from the power-line side.  The 
PLCs shall be sized for 125 percent of the actual connected kVA load.  
Characteristics of the PLC shall be as follows:

     a.  At 85 percent load, the output voltage shall not deviate by more 
than plus or minus one percent of nominal when the input voltage fluctuates 
between minus 20 percent to plus 10 percent of nominal.

     b.  During load changes of zero to full load, the output voltage shall 
not deviate by more than plus or minus three percent of nominal voltage.  
Full correction of load switching disturbances shall be accomplished within 
five cycles, and 95 percent correction shall be accomplished within two 
cycles of the onset of the disturbance.

     c.  Total harmonic distortion shall not exceed 3-1/2 percent at full 
load.

2.12   DIRECT DIGITAL CONTROL (DDC) HARDWARE

All functions, constraints, data base parameters, operator developed 
programs and any other data shall be downloadable from a portable 
workstation/tester or the central workstation/tester to network control 
panels, RIU's, universal programmable controllers, and unitary controllers. 
 Download shall be accomplished through both the primary network and the 
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local DDC portable workstation/tester port.

2.12.1   Network Control Panel

Network control panels shall be microcomputer-based with sufficient memory 
provided to perform all specified and shown network control panel functions 
and operations, including spare capacity for all spares and its I/O 
functions specified.  Each network control panel and remote I/O units (RIU) 
shall have a minimum of 10% of its I/O functions as spare capacity but not 
less than 2 of each type used in each.  The type of spares shall be in the 
same proportion as the implemented I/O functions on the panel, but in no 
case shall there be less than two spare points of each type.  The panel I/O 
functions shall be furnished complete, with no changes or additions 
necessary to support implementation of spare functions.  Output relays 
associated with digital signals shall be considered part of the I/O 
function, whether physically mounted in the enclosure or separately 
mounted.  Implementation of spare points shall necessitate only providing 
the additional field sensor or control device, field wiring including 
connection to the system, and point definition assignment by the operator 
using the central workstation/tester or portable workstation/tester.  The 
panel shall contain all necessary I/O functions to connect to field sensors 
and control panels.  I/O function operation shall be fully supervised to 
detect I/O function failures.  Network control panels shall operate in an 
independent stand-alone mode, which is defined as all network control panel 
operations performed by the network control panel without any continuing 
input from other Direct digital controls or portable workstation/tester.  
The network control panel shall be capable of controlling a mix of at least 
32 RIUs, unitary controllers, and universal programmable controllers.

2.12.1.1   Integral Features

The network control panel shall include:

     a.  Main power switch.

     b.  Power on indicator.

     c.  Portable workstation/tester port, connector, and if necessary 
power supply.

     d.  Manufacturers control network port.

     e.  On-Off-Auto switches for each DO which controls a device.  These 
switches shall be mounted in the field panel, with the exception of motors, 
for which the switch shall be mounted at the motor control center.  
On-Off-Auto switches are not required for DO associated with a status or 
alarm such as pilot lights.  The status of these switches shall be 
available to the panel for further processing.

     f.  Minimum-Maximum-Auto switches, or Auto-Manual switches with manual 
output override, for each AO.  The status of these shall be available to 
the panel for further processing.

     g.  An intrusion detection device, connected as an alarm.
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2.12.1.2   Communication Interfaces

The following communication capabilities shall function simultaneously.

     a.  Manufacturers Control Network.  Manufacturers control network 
communications interfaces for each data transmission systems (DTS) circuit 
between network control panels and RIUs, unitary controllers, and universal 
programmable controllers, shall be provided.  Communication interfaces 
shall be provided between each network control panel and associated I/O 
functions.  The DTS will provide for transmission speeds necessary to 
comply with performance requirements specified.  DTS equipment shall be 
installed in the network control panel enclosure.

     b.  Portable Workstation/Tester Port.  A communications port for 
interfacing to a portable workstation/tester shall be provided.  Network 
control panel workstation/tester port other than RS-232,shall be converted 
to RS-232, including cabling and power supply, and shall be permanently 
installed in the panel.

     c.  Primary Network Port.  The network control panel shall either have 
a built in primary network Port or be capable of accepting a primary 
network port expansion card for future networking to a base wide utility 
monitoring and control system (UMCS).  The primary network port expansion 
card shall be either Ethernet (IEEE802.3) or ARCNET.

2.12.1.3   Memory and Real Time Clock (RTC) Backup

The network control panel memory and real time clock functions shall 
continue to operate for a minimum of 72 hours in the event of a power 
failure.  If rechargeable batteries are provided, automatic charging of 
batteries shall be provided.  Whenever a either a permanent 
workstation/tester or portable workstation/tester is monitoring the network 
control panel, a low battery alarm message shall be sent to it.

2.12.1.4   Duplex Outlet

A single phase, 120 Vac electrical service outlet for use with test 
equipment shall be furnished either inside or within  6 feet of the network 
control panel enclosure.

2.12.1.5   Locking Enclosures

Locking type mounting cabinets with common keying shall be furnished for 
each network control panel.

2.12.1.6   Failure Mode

Upon failure of the network control panel, either due to failure of the 
network control panel hardware or of the manufacturers control network, the 
network control panel shall revert to the failure mode as shown.

     a.  Manufacturers Control Network Failure:  Upon failure of the 
manufacturers control network, the network control panel shall operate in 
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an independent stand-alone mode.

     b.  Network Control Panel Hardware Failure:  Upon failure of the 
network control panel hardware, the network control panel shall cease 
operation and stop communications with other network control panels, RIUs, 
unitary controllers and universal programmable controllers connected to the 
affected network control panel.  The affected network control panel shall 
respond to this failure as specified and shown.

2.12.2   RIU

The RIU shall be functionally a part of the network control panel as 
specified, but may be remotely located from the network control panel and 
communicate over a dedicated communication circuit.  When remotely located, 
the I/O functions shall be subject to the same requirements as for the 
network control panel hardware.  RIUs shall be used to connect remote 
inputs and outputs to a network control panel and shall contain all 
necessary I/O functions to connect to field sensors and control devices.  
RIU operation shall be fully supervised by the network control panel to 
detect failures.  Each RIU shall have a minimum of 10 % of its I/O 
functions as spare capacity.  The type of spares shall be in the same 
proportion as the implemented I/O functions on the RIU, but in no case 
shall there be less than two spare points of each type.  The RIU shall be 
furnished complete, with no changes or additions necessary to support 
implementation of spare functions.  Output relays associated with digital 
signals shall be considered part of the I/O function, whether physically 
mounted in the enclosure or separately mounted.  Implementation of spare 
points by others shall require only providing the additional field sensor 
or control device, field wiring including connection to the system, and 
point definition assignment by the operator.  The RIU shall either report 
the status of all connected points on each scan, or report the status of 
all points which have changed state or value since the previous scan.

2.12.2.1   Integral Features

The RIU shall include:

     a.  Main power switch.

     b.  Power on indicator.

     c.  Portable workstation/tester port, connector, and if necessary 
power supply.

     d.  Manufacturers control network port.

     e.  On-Off-Auto switches for each DO which controls a device.  These 
switches shall be mounted in the RIU, with the exception of motors, for 
which the switch shall be mounted at the motor control center.  On-Off-Auto 
switches are not required for DO associated with a status or alarm such as 
pilot lights.  The status of these switches shall be available to the RIU 
for further processing.

     f.  Minimum-Maximum-Auto switches, or Auto-Manual switches with manual 
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output override, for each AO.  The status of these shall be available to 
the panel for further processing.

     g.  An intrusion detection device, connected as an alarm.

2.12.2.2   Duplex Outlet

A single phase, 120 Vac electrical service outlet for use with test 
equipment shall be furnished either inside or within  6 feet of the RIU.

2.12.2.3   Locking Enclosures

Locking type mounting cabinets with common keying shall be furnished for 
each RIU.

2.12.2.4   Failure Mode

Upon failure of the RIU, either due to failure of the RIU hardware or of 
the DTS, the RIU shall revert to the failure mode shown.

2.12.3   Universal Programmable Controller (UPC)

The universal programmable controller shall be a microprocessor based 
controller designed and programmed to control and monitor systems as shown. 
 Resident programs shall be contained in reprogramable nonvolatile memory.  
Each universal programmable controller shall contain necessary power 
supplies, transformers, memory, I/O functions and communications interfaces 
necessary to perform its required functions and to provide control and 
monitoring of connected equipment and devices.  It shall contain all 
necessary I/O functions to connect to field sensors and controls.  I/O 
operation shall be fully supervised to detect I/O function failures.  It 
shall provide for operation as a device connected to the system via the 
manufacturers control network.

2.12.3.1   Integral Features

The universal programmable controller shall include as a minimum:

     a.  Main power switch.

     b.  Power on indicator.

     c.  Portable workstation/tester port, connector, and if necessary 
power supply.

     d.  Manufacturers control network port.

     e.  I/O functions

(1)  8  DI

(2)  4  DO

(3)  8  AI
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(4)  4  AO

(5)  1  PA

     f.  On-Off-Auto switches for each DO which controls a device.  These 
switches shall be mounted in the universal programmable controller, with 
the exception of motors, for which the switch shall be mounted at the motor 
control center.  On-Off-Auto switches are not required for DO associated 
with a status or alarm such as pilot lights.  The status of these switches 
shall be available to the panel for further processing.

     g.  Minimum-Maximum-Auto switches, or Auto-Manual switches with manual 
output override, for each AO.  The status of these shall be available to 
the panel for further processing.

2.12.3.2   Communication Interfaces

The UPC shall have the following communication capabilities which shall 
function simultaneously.

     a.  Manufacturers Control Network.  The manufacturers control network 
communications interface for a data transmission systems (DTS) circuit 
between the UPC and a network control panels shall be provided.  The DTS 
will provide for transmission speeds necessary to comply with performance 
requirements specified.  DTS equipment shall be installed in the UPC Panel 
enclosure.

     b.  Portable Workstation/Tester Port.  A communications port for 
interfacing to a portable workstation/tester shall be provided.  A UPC 
workstation/tester port other than RS-232, shall be converted to RS-232, 
including cabling and power supply, and shall be permanently installed in 
the panel.

2.12.3.3   Memory and RTC Backup

The UPC memory and real time clock functions shall continue to operate for 
a minimum of 72 hours in the event of a power failure.  If rechargeable 
batteries are provided, automatic charging of batteries shall be provided.  
Whenever a either a permanent workstation/tester or portable 
workstation/tester is monitoring the network control panel, a low battery 
alarm message shall be sent to it.

2.12.3.4   Specific Requirements

Each universal programmable controller shall be accessible for purposes of 
application selection, control parameters, set point adjustment, and 
monitoring from any DDC controller connected to the same manufacturers 
control network as the universal programmable controller.  This shall be 
done using a portable workstation/tester connected to a portable 
workstation/tester port either directly or via modem.

2.12.3.5   Locking Enclosures
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Locking type mounting cabinets with common keying shall be furnished for 
each enclosure.

2.12.3.6   Failure Mode

Upon failure of the universal programmable controller, it shall revert to 
the failure mode of operation as shown.

2.12.4   Unitary Controller

The unitary controller shall be a microprocessor based, stand-alone, 
dedicated purpose controller, communicating with the network control panel, 
designed and programmed to control air distribution system, heat pumps as 
shown.  Each unitary controller shall contain resident programs in 
nonvolatile memory for each specific application implemented.  Each unitary 
controller shall contain necessary power supplies, transformers, memory, 
I/O functions and communications interfaces necessary to perform its 
required functions and to provide control and monitoring of connected 
equipment and devices.  It shall contain all necessary I/O functions to 
connect to field sensors and controls.  I/O operation shall be fully 
supervised to detect I/O function failures and shall provide for operation 
as a device connected to the network control panel via the manufacturers 
control network.

2.12.4.1   Integral Features

The unitary controller shall include:

     a.  Main power switch.

     b.  Power on indicator.

     c.  Portable workstation/tester port, connector, and power supply.

     d.  Manufacturers control network port.

     e.  All I/O functions required to implement the requirements as shown.

     f.  On-Off-Auto switches for each DO which controls a device.  These 
switches shall be mounted in the field panel, with the exception of motors, 
for which the switch shall be mounted at the motor control center.  
On-Off-Auto switches are not required for DO associated with a status or 
alarm such as pilot lights.  The status of these switches shall be 
available to the panel for further processing.

     g.  Minimum-Maximum-Auto switches, or Auto-Manual switches with manual 
output override, for each AO.  The status of these shall be available to 
the panel for further processing.

2.12.4.2   Communication Interfaces

The unitary controller shall have the following communication capabilities 
which shall function simultaneously.
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     a.  Manufacturers Control Network.  The manufacturers control network 
communications interface for a data transmission systems (DTS) circuit 
between the unitary controller and a network control panel shall be 
provided.  The DTS will provide for transmission speeds necessary to comply 
with performance requirements specified.  DTS equipment shall be installed 
in the unitary control panel enclosure.

     b.  Portable Workstation/Tester Port.  A communications port for 
interfacing to a portable workstation/tester shall be provided.  A unitary 
controller workstation/tester port other than RS-232, shall be converted to 
RS-232, including cabling and power supply, and shall be permanently 
installed in the panel.  For unitary controller applications where the 
controller is not mounted in an enclosure, a portable conversion device for 
an RS-232 connection to the portable workstation/tester may be provided.

2.12.4.3   Failure Mode

Upon failure of the unitary controller, it shall revert to the failure mode 
of operation as shown.

2.12.5   I/O Functions

2.12.5.1   DDC Hardware I/O Functions

I/O Functions shall be provided as part of the DDC system and shall be in 
accordance with the following:

     a.  The analog input (AI) function shall monitor each analog input, 
perform A-to-D conversion, and hold the digital value in a buffer for 
interrogation.  The A-to-D conversion shall have a minimum resolution of 10 
bits plus sign.  Signal conditioning shall be provided for each analog 
input.  Analog inputs shall be individually calibrated for zero and span, 
in hardware or in software.  The AI shall incorporate common mode noise 
rejection of 50 dB from 0 to 100 Hz for differential inputs, and normal 
mode noise rejection of 20 dB at 60 Hz from a source impedance of 10,000 
ohms.  Input ranges shall be within the range of 4-to-20 mAdc.

     b.  The analog output (AO) function shall accept digital data, perform 
D-to-A conversion, and output a signal within the range of 4-to-20 mAdc.  
D-to-A conversion shall have a minimum resolution of eight bits plus sign.  
Analog outputs shall be individually calibrated for zero and span.  Short 
circuit protection on voltage outputs and open circuit protection on 
current outputs shall be provided.  An individual gradual switch for manual 
override of each analog output and means of physically securing access to 
these switches shall be provided.  Each AO shall have a three-position 
switch for selection of the DDC control signal, no control, or a locally 
generated control signal for connection to the controlled device.  Feedback 
shall be provided to the system as to the status of the output (manual 
control or automatic).  All switches shall be either of a key operated 
design with the same keying system used for other outputs or otherwise 
suitably protected from unauthorized access .

     c.  The digital input (DI) function shall accept on-off, open-close, 
or other change of state (two state data) indications.  Isolation and 
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protection against an applied steady-state voltage up to 180 Vac peak shall 
be provided.

     d.  The digital output (DO) function shall provide contact closures 
for momentary and maintained operation of output devices.  Closures shall 
have a minimum duration of 0.1 second.  DO relays shall have an initial 
breakdown voltage between contacts and coil of at least 500 V peak.  
Electromagnetic interference suppression shall be furnished on all output 
lines to limit transients to nondamaging levels.  Protection against an 
applied steady-state voltage up to 180 Vac peak shall be provided.  Minimum 
contact rating shall be one ampere at 24 Vac.  Key locked HOA switches 
shall be provided for manual override of each digital output.  Feedback 
shall be provided to the system as to the status of the output (manual 
control or automatic).  Switches shall be common keyed .

     e.  The pulse accumulator function shall have the same characteristics 
as the DI.  In addition, a buffer shall be provided to totalize pulses and 
allow for interrogation by the DDC system.  The pulse accumulator shall 
accept rates up to 20 pulses per second.  The totalized value shall be 
reset to zero upon operator's command.

     f.  Signal conditioning for sensors shall be provided as specified.

     g.  The binary coded decimal (BCD) function:  The BCD function shall 
have the same characteristics as the DI, except that, in addition, a buffer 
shall be provided to totalize inputs and allow for interrogation by the 
network control panel.  The BCD function shall have 16-channel optically 
isolated buffered inputs to read four digit numbers.  The BCD function 
shall accumulate inputs at rates up to 10 inputs per second.

2.12.5.2   Failure Mode

Upon failure of the I/O function, including data transmission failure, 
logic power supply failure, DDC processor malfunction, software failure, 
interposing relay power failure, or any other failure which prevents stand 
alone operation of any DDC normally capable of stand alone operation, 
connected outputs shall be forced to the failure mode shown.

2.12.6   Portable Workstation/Tester

A portable workstation/tester shall be provided and shall be able to 
connect to any DDC hardware.  The portable workstation/tester shall consist 
of a portable computer with a nominal 10 inch active color matrix liquid 
crystal display, capable of displaying up to 256 colors at a minimum 
resolution of 640 X 480 pixels, an external VGA monitor port, 32 bit 
microprocessor operating at a minimum of 100 MHZ.  The portable 
workstation/tester shall have, as a minimum, a 1200 MB hard drive, 16 
megabytes of memory, integral pointing device, serial and parallel ports, 
color VGA video port for an external color monitor, 3.5 inch floppy disk 
drive, modem, PCMCIA type 3 slot, rechargeable battery, battery charger and 
120 Vac power supply.  It shall include carrying case, extra battery, 
charger and a compatible network adapter.  The workstation/tester shall:

     a.  Run DDC diagnostics.
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     b.  Load all DDC memory resident programs and information, including 
parameters and constraints.

     c.  Display any AI, DI, AO, DO, or PA point in engineering units for 
analog points or status  for digital points.

     d.  Control any AO or DO.

     e.  Provide an operator interface, contingent on password level, 
allowing the operator to use full English language words and acronyms, or 
an object oriented graphical user interface.

     f.  Display database parameters.

     g.  Modify database parameters.

     h.  Accept DDC software and information for subsequent loading into a 
specific DDC.  Provide all necessary software and hardware required to 
support this function, including an EIA ANSI/EIA/TIA-232-F port.

     i.  Disable/enable each DDC.

     j.  Perform all workstation functions as specified.

2.12.7   Central Workstation/Tester

A central workstation/tester shall be provided and shall be able to 
communicate any network control panel via the primary network.  The central 
workstation/tester shall be functionally equivalent to the portable 
workstation/tester but is intended to be a stationary unit.  The central 
workstation/tester shall consist of a central computer with a nominal 14 
inch VGA color display, capable of displaying up to 256 colors at a minimum 
resolution of 640 X 480 pixels, 32 bit microprocessor operating at a 
minimum of 100 MHZ.  The central workstation/tester shall have, as a 
minimum, a 2100 MB hard drive, 32 megabytes of memory, integral pointing 
device, serial and parallel ports, color VGA video port for an external 
color monitor, 3.5 inch floppy disk drive, modem, PCMCIA type three slot, 
rechargeable battery, battery charger, 120 Vac power supply and network 
adapter (Ethernet IEEE802.3 or ARCNET).  The central workstation/tester 
shall:

     a.  Run DDC diagnostics.

     b.  Load all DDC memory resident programs and information, including 
parameters and constraints.

     c.  Display any AI, DI, AO, DO, or PA point in engineering units for 
analog points or status  for digital points.

     d.  Control any AO or DO.

     e.  Provide an operator interface, contingent on password level, 
allowing the operator to use full English language words and acronyms, or 
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an object oriented graphical user interface.

     f.  Display database parameters.

     g.  Modify database parameters.

     h.  Accept DDC software and information for subsequent loading into a 
specific DDC.  Provide all necessary software and hardware required to 
support this function, including an EIA ANSI/EIA/TIA-232-F port.

     i.  Disable/enable each DDC.

     j.  Perform all workstation functions as specified.

2.12.8   Data Terminal Cabinet (DTC)

The DTC shall be an independent metallic enclosure not physically part of 
the network control panel/RIU as shown.  The DTC shall be sized to 
accommodate the number of I/O functions required for each network control 
panel/RIU, including installed spares, plus 10% expansion for each type of 
I/O function provided.  The DTC shall be divided into analog input and 
output groups and digital input and output groups.  The DTC shall be 
provided with double sided screw type terminal strips.  One side of the 
terminal strip shall be used for termination of field wiring from 
instrumentation-mentation and controls.  The other side shall be used to 
connect the DTC to the network control panel/RIU.  Terminal strips shall 
have individual terminal identification numbers.  The DTC shall be a 
locking type mounting enclosure, with common keying and door switch wired 
to an input for intrusion alarm annunciation at the central station.  DTC 
keying shall be identical to network control panel/RIU keying.

2.13   DDC SOFTWARE

All DDC software described in this specification shall be furnished as part 
of the complete DDC System.

2.13.1   Operating System

Each DDC shall contain an operating system that controls and schedules that 
DDC's activities in real time.  The DDC shall maintain a point database in 
its memory that includes all parameters, constraints, and the latest value 
or status of all points connected to that DDC.  The execution of DDC 
application programs shall utilize the data in memory resident files.  The 
operating system shall include a real time clock function that maintains 
the seconds, minutes, hours, date and month, including day of the week.  
Each DDC real time clock shall be automatically synchronized with the 
network control panel real time clock at least once per day to plus or 
minus 10 seconds.  When the network control panel is connected to a central 
workstation/tester, the network control panel RTC shall be updated by the 
central workstation/tester RTC.  The time synchronization shall be 
accomplished without operator intervention and without requiring system 
shutdown.  The operating system shall allow loading of software, data files 
data entry, and diagnostics from the central workstation/tester both 
locally through the central workstation/tester port and remotely through a 
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network control panel and the manufacturers control network.

2.13.1.1   Startup

The DDC shall have startup software that causes automatic commencement of 
operation without human intervention, including startup of all connected 
I/O functions.  A DDC restart program based on detection of power failure 
at the DDC shall be included in the DDC software.  Upon restoration of 
power to the DDC, the program shall restart equipment and restore loads to 
the state at time of power failure, or to the state as commanded by time 
programs or other overriding programs.  The restart program shall include 
start time delays between successive commands to prevent demand surges or 
overload trips.  The startup software shall initiate operation of self-test 
diagnostic routines.  Upon failure of the DDC, if the database and 
application software are no longer resident or if the clock cannot be read, 
the DDC shall not restart and systems shall remain in the failure mode 
indicated until the necessary repairs are made.  If the database and 
application programs are resident, the DDC shall resume operation after an 
adjustable time delay of from 0 to 600 seconds.  The startup sequence for 
each DDC shall include a unique time delay setting for each control output 
when system operation is initiated.

2.13.1.2   Operating Mode

Each DDC shall control and monitor functions as specified, independent of 
communications with other DDC.  This software shall perform all DDC 
functions and DDC resident application programs as specified using data 
obtained from I/O functions and based upon the DDC real time clock 
function.  When communications circuits between the DDC are operable, the 
DDC shall obtain real time clock updates and any required global data 
values transmitted from other network control panels.  The DDC software 
shall execute commands after performing constraints checks in the DDC.  
Status and analog values, including alarms and other data shall be 
transmitted from other network control panels when communications circuits 
are operable.  If communications are not available, each DDC shall function 
in stand-alone mode and operational data, including the latest status and 
value of each point and results of calculations, normally transmitted from 
other network control panels shall be stored for later transmission to the 
network control panel.  Storage for the latest 256 values shall be provided 
at each network control panel.  Each DDC shall accept software downloaded 
from the network control panel.  Constraints shall reside at the DDC.

2.13.1.3   Failure Mode

Upon failure for any reason, each DDC shall perform an orderly shutdown and 
force all DDC outputs to a predetermined (failure mode) state, consistent 
with the failure modes shown and the associated control device.

2.13.2   Functions

The Contractor shall provide software necessary to accomplish the following 
functions, as appropriate, fully implemented and operational, within each 
network control panel, RIU, unitary controller and universal programmable 
controller.
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     a.  Scanning of inputs.

     b.  Control of outputs.

     c.  Reporting of analog changes outside a selectable differential.

     d.  Reporting of unauthorized digital status.

     e.  Reporting of alarms automatically to network control panel.

     f.  Reporting of I/O status to network control panel upon request.

     g.  Maintenance of real time, updated by the network control panel at 
least once a day.

     h.  Communication with the network control panel.

     i.  Execution of DDC resident application programs.

     j.  Averaging or filtering of AIs.

     k.  Constraints checks (prior to command issuance).

     l.  Diagnostics.

     m.  Portable workstation/tester operation as specified.

     n.  Reset of PA by operator based on time and value.

2.13.2.1   Analog Monitoring

The system shall measure and transmit analog values including calculated 
analog points.  An analog change in value is defined as a change exceeding 
a preset differential value as specified.  The record transmitted for each 
analog value shall include a readily identifiable flag which indicates the 
abnormal status of the value when it deviates from operator selectable 
upper and lower analog limits.  Analog values shall be expressed in proper 
engineering units with sign.  Engineering units conversions shall be 
provided for each measurement.  Each engineering units conversion set shall 
include range, span, and conversion equation.  A vocabulary of engineering 
unit descriptors shall be provided, using at least three alphanumeric 
characters to identify information in the system.  The system shall support 
255 different engineering units.

2.13.2.2   Logic (Virtual) Points

Logic (virtual) points shall be software points entered in the point 
database which are not directly associated with a physical I/O function.  
Logic (virtual) points shall be analog or digital points created by 
calculation from any combination of digital and analog points, or other 
data having the properties of real points, including alarms, without the 
associated hardware.  Logic (virtual) points shall be defined or calculated 
and entered into the database by the Contractor.  The calculated analog 
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point shall have point identification in the same format as any other 
analog point.  The calculated point shall be used in any program where the 
real value is not obtainable directly.  Constants used in calculations 
shall be changeable on-line by the operator.  Calculated point values shall 
be current for use by the system within 10 seconds of the time of any input 
changes.

2.13.2.3   State Variables

If an analog point represents more than two (up to eight) specific states, 
each state shall be nameable.  For example, a level sensor shall be 
displayed at its measured engineering units plus a state variable with 
named states usable in programs or for display such as low 
alarm/low/normal/high/high alarm.

2.13.2.4   Analog Totalization

Any analog point shall be operator assignable to the totalization program.  
Up to eight analog values shall be totalized within a selectable time 
period.  At the end of the period, the totals shall be stored.  
Totalization shall then restart from zero for the next time period.  The 
program shall keep track of the peak and total value measured during the 
current period and for the previous period.  The operator shall be able to 
set or reset each totalized value individually.  The time period shall be 
able to be operator defined, modified or deleted on-line.

2.13.2.5   Energy Totalization

The system shall calculate the heat energy in Btus, for each energy source 
consumed by the mechanical systems specified, totalize the calculated Btus, 
the instantaneous rate in Btus per hour, and store totals in thousands of 
Btus (MBtu).  The Btus calculated shall be totalized for an adjustable time 
period.  The time period shall be defined uniquely for each Btu 
totalization.

2.13.2.6   Trending

Any analog or calculated point shall be operator assignable to the trend 
program.  Up to eight points shall be sampled at individually assigned 
intervals, selectable between one minute and two hours.  A minimum of the 
most recent 128 samples of each trended point shall be stored.  The sample 
intervals shall be able to be defined, modified, or deleted on-line.

2.13.3   I/O Point Database/Parameter Definition

Each I/O point shall be defined in a database residing in the DDC.  The 
definition shall include all physical parameters associated with each 
point.  Each point shall be defined and entered into the database by the 
Contractor, including as applicable:

     a.  Name.

     b.  Device or sensor type (i.e., sensor, control relay, motors).
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     c.  Point identification number.

     d.  Unit.

     e.  Building number.

     f.  Area.

     g.  Island.

     h.  DDC number and channel address.

     i.  KW (running).

     j.  KW (starting).

     k.  Sensor range.

     l.  Controller range.

     m.  Sensor span.

     n.  Controller span.

     o.  Engineering units conversion (scale factor).

     p.  Setpoint (analog).

     q.  High reasonableness value (analog).

     r.  Low reasonableness value (analog).

     s.  High alarm limit differential (return to normal).

     t.  Low alarm limit differential (return to normal).

     u.  High alarm limit (analog).

     v.  Low alarm limit (analog).

     w.  Alarm disable time period upon startup or change of setpoint.

     x.  Analog change differential (for reporting).

     y.  Alarm class and associated primary message text.

     z.  High accumulator limit (pulse).

     aa.  Status description.

     bb.  Run time target.

     cc.  Failure mode as specified and shown.
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     dd.  Constraints as specified.

2.13.4   Alarm Processing

Each DDC shall have alarm processing software for AI, DI, and PA alarms for 
all real and virtual points connected to that DDC.

2.13.4.1   Digital Alarms Definition

Digital alarms are those abnormal conditions indicated by DIs as specified 
and shown.

2.13.4.2   Analog Alarms Definition

Analog alarms are those conditions higher or lower than a defined value, as 
measured by an AI.  Analog readings shall be compared to predefined high 
and low limits, and alarmed each time a value enters or returns from a 
limit condition.  Unique high and low limits shall be assigned to each 
analog point in the system.  Analog alarm limits shall be stored in the DDC 
database.  Each analog alarm limit shall have an associated unique limit 
differential specifying the amount by which a variable must return into the 
proper operating range before being annunciated as a 
return-to-normal-state.  All limits and differentials shall be entered 
on-line by the operator in limits of the measured variable, without 
interruption or loss of monitoring of the point concerned.  The program 
shall automatically change the high or low limits or both, of any analog 
point, based on time scheduled operations as specified, allowing for a time 
interval before the alarm limit becomes effective.  In CPA applications, 
key the limit to a finite deviation traveling with the setpoint.  The 
system shall automatically suppress analog alarm reporting associated with 
a digital point when that digital point is turned off.

2.13.4.3   Pulse Accumulator Alarms Definition

Pulse accumulator alarms are those conditions calculated from totalized 
values of accumulator inputs or PA input rates that are outside defined 
limits as specified and shown.  PA totalized values shall be compared to 
predefined limits and alarmed each time a value enters a limit condition.  
Unique limits shall be assigned to each PA point in the system.  Limits 
shall be stored in the DDC database.

2.13.5   Constraints

2.13.5.1   Equipment Constraints Definitions

Each control point in the database shall have DDC resident constraints 
defined and entered by the Contractor, including as applicable:

     a.  Maximum starts (cycles) per hour.

     b.  Minimum off time.

     c.  Minimum on time.
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     d.  High limit (value in engineering units).

     e.  Low limit (value in engineering units).

2.13.5.2   Constraints Checks

Control devices connected to the system shall have the DDC memory resident 
constraints checked before each command is issued to insure that no 
equipment damage will result from improper operation.  Each command shall 
be executed by the DDC only after all constraints checks have been passed.  
Each command point shall have unique constraints assigned.  High and low 
"reasonableness" values or one differential "rate-of-change" value shall be 
assigned to each AI.  Values outside the reasonableness limits shall be 
rejected and an alarm message sent to the network control panel or portable 
workstation/tester.  Status changes and analog point values shall be 
reported to the workstation upon operator request, such as for reports, 
alphanumeric displays, graphic displays, and application programs.  Each 
individual point shall be capable of being selectively disabled by the 
operator from a workstation/tester.  Disabling a point shall prohibit 
monitoring and automatic control of that point.

2.13.6   Diagnostics

Each DDC shall have self-test diagnostic routines implemented in firmware.  
The tests shall include routines that exercise memory.  Diagnostic software 
shall be usable in conjunction with the central workstation/tester and 
portable workstation/tester.  The software shall display messages in 
English to inform the tester's operator of diagnosed problems.

2.13.7   Summer-Winter Operation Monitoring

The system shall provide software to automatically change the operating 
parameters, monitoring of alarm limits, and start-stop schedules for each 
mechanical system from summer to winter and vice-versa.  The software shall 
provide automatic commands to applications programs to coordinate proper 
summer or winter operation.  Change over setpoints shall be operator 
selectable and settable.

2.13.8   Control Sequences and Control Loops

Sufficient memory shall be provided to implement the requirements specified 
and shown for each DDC.  Specific functions to be implemented are defined 
in individual system control sequences and database tables shown in the 
drawings, and shall include, as applicable, the following:

     a.  PI Control:  This function shall provide proportional control and 
proportional plus integral control.

     b.  Two Position Control:  This function shall provide control for a 
two state device by comparing a set point against a process variable and an 
established deadband.

     c.  Floating Point Control:  This function shall exercise control when 
an error signal exceeds a selected deadband, and shall maintain control 
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until the error is within the deadband limits.

     d.  Signal Selection:  This function shall allow the selection of the 
highest or lowest analog value from a group of analog values as the basis 
of control.  The function shall include the ability to cascade analog 
values so that large numbers of inputs can be reduced to one or two outputs.

     e.  Signal Averaging:  This function shall allow the mathematical 
calculation of the average analog value from a group of analog values as 
the basis of control.  The function shall include the ability to "weight" 
the individual analog values so that the function output can be biased as 
necessary to achieve proper control.

     f.  Reset Function:  This function shall develop an AO based on up to 
two AIs and one operator specified reset schedule.

     g.  Cooling/Heating Operation Program:  Software shall be provided to 
change, either automatically or on operator command, the operating 
parameters, monitoring of alarm limits, and start-stop schedules for each 
mechanical system where such a change from cooling to heating and vice 
versa is meaningful.  The software shall provide commands to application 
programs to coordinate cooling or heating mode operation.  Software shall 
automatically switch facilities from cooling to heating, and vice versa, 
based on schedules or temperatures.  All HVAC equipment and systems shall 
be assigned to the program.

2.13.9   Command Priorities

A scheme of priority levels shall be provided to prevent interaction of a 
command of low priority with a command of higher priority.  The system 
shall require the latest highest priority command addressed to a single 
point to be stored for a period of time longer than the longest time 
constraint in the on and off states, insuring that the correct command 
shall be issued when the time constraint is no longer in effect or report 
the rejected command.  Override commands entered by the operator shall have 
higher priority than those emanating from applications programs.

2.13.10   Resident Application Software

The Contractor shall provide resident applications programs to achieve the 
sequences of operation, parameters, constraints, and interlocks necessary 
to provide control of the systems connected to the DDC system.  Application 
programs shall be resident and shall execute in the DDC, and shall 
coordinate with each other, to insure that no conflicts or contentions 
remain unresolved.  The Contractor shall coordinate the application 
programs specified with the equipment and controls operation, and other 
specified requirements.  A scheme of priority levels shall be provided to 
prevent interaction of a command of low priority with a command of higher 
priority.  The system shall require the latest highest priority command 
addressed to a single point to be stored for a period of time longer than 
the longest time constraint in the ON and OFF states, insuring that the 
correct command shall be issued when the time constraint is no longer in 
effect or the rejected command shall be reported.  Override commands 
entered by the operator shall have higher priority than those emanating 
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from application programs.

2.13.10.1   Program Inputs and Outputs

The Contractor shall select the appropriate program inputs listed for each 
application program to calculate the required program outputs.  Where the 
specific program inputs are not available, a "default" value or virtual 
point appropriate for the equipment being controlled and the proposed 
sequence of operation shall be provided to replace the missing input, thus 
allowing the application program to operate.  AIs to application programs 
shall have an operator adjustable deadband to preclude short cycling or 
hunting.  Program outputs shall be real analog or digital outputs or logic 
(virtual) points as required to provide the specified functions.  The 
Contractor shall select the appropriate input and output signals to satisfy 
the requirements for control of systems as shown.

2.13.10.2   DDC General Conditions

The Contractor shall provide software required to achieve the sequences of 
operation, parameters, constraints, and interlocks shown.  Application 
software shall be resident in the DDC in addition to any other required 
software.  In the event of a DDC failure, the controlled equipment shall 
continue to function in the failure mode shown.

2.13.10.3   Scheduled Start/Stop Program

This program shall start and stop equipment based on a time of day schedule 
for each day of the week, and on a holiday schedule.  To eliminate power 
surges, an operator adjustable time delay shall be provided between 
consecutive start commands.

     a.  Program Inputs:

(1)  Day of week/holiday.

(2)  Time of day.

(3)  Cooling and heating high-low alarm limits.

(4)  Cooling and heating start-stop schedules.

(5)  Cooling or heating mode of operation.

(6)  Equipment status.

(7)  Equipment constraints.

(8)  Consecutive start time delay.

     b.  Program Outputs:  Start/stop signal.

2.13.10.4   Optimum Start/Stop Program

This program shall start and stop equipment as specified for the scheduled 
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start/stop program, but shall include a sliding schedule based on indoor 
and outdoor air conditions.  The program shall take into account the 
thermal characteristics of the structure, and indoor and outdoor air 
conditions, using prediction software to determine the minimum time of HVAC 
system operation needed to satisfy space environmental requirements at the 
start of the occupied cycle, and determine the earliest time for stopping 
equipment at the day's end without exceeding space environmental 
requirements.  An adaptive control algorithm shall be utilized to 
automatically adjust the constants used in the program.

     a.  Program Inputs:

(1)  Day of week/holiday.

(2)  Time of day.

(3)  Cooling or heating mode of operation.

(4)  Equipment status.

(5)  Cooling and heating building occupancy schedules.

(6)  Space temperature.

(7)  Building heating constant (operator adjustable and 
automatically optimized).

(8)  Building cooling constant (operator adjustable and 
automatically optimized).

(9)  OA temperature.

(10)  Required space temperature at occupancy (heating).

(11)  Required space temperature at occupancy (cooling).

(12)  Equipment constraints.

(13)  Cooling and heating high-low alarm limits.

     b.  Program Outputs:  Start/stop signal.

2.13.10.5   Day-Night Setback Program

The software shall limit the rise or drop of space temperature (or 
specified fluid temperature) during unoccupied hours.  Whenever the space 
temperature (or specified fluid temperature) is above (or below for 
heating) the operator assigned temperature limit, the system shall be 
turned on until the temperature is within the assigned temperature limit.

     a.  Program Inputs:

(1)  Day of week.
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(2)  Time of day.

(3)  Cooling or heating mode of operation.

(4)  Cooling and heating occupancy schedules.

(5)  Equipment status.

(6)  Space temperature (or specified fluid temperature).

(7)  Minimum space temperature (or specified fluid temperature) 
during unoccupied periods.

(8)  Maximum space temperature (or specified fluid temperature) 
during unoccupied periods.

(9)  Equipment constraints.

     b.  Program Outputs:  Start/stop signal.

2.13.10.6   Air Volume Control Program 

The software shall monitor supply and return/exhaust air flow volumes and 
modulate fan controls to maintain required air flow volumes and/or ratio or 
fixed differential of supply to return air flows.  This program shall be 
coordinated with the ventilation-recirculation program and the economizer 
program for damper control and with static pressure control requirements 
for fan control.

     a.  Program Inputs

(1)  Supply air flow.
(2)  Return/exhaust air flow.
(3)  Required supply air flow - high and low limits.
(4)  Required return/exhaust air flow - high and low limits.
(5)  Volume offset or ratio, as appropriate.

     b.  Program Outputs 

(1)  Supply fan volume control.
(2)  Return/exhaust fan volume control.

2.13.10.7   Air Distribution Unitary Controller Software

Software shall be provided for the management and control of the air 
distribution terminal units.  Software shall allow for operator definition 
of multiple air distribution terminal units as functional groups which may 
be treated as a single entity; monitoring, alarming and reporting of 
terminal unit parameters on an individual or group basis; and remote 
setpoint adjustment on an individual or group basis.

     a.  Functions:

(1)  Volume control in response to temperature.
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(2)  Volume flow limits, minimum and maximum.
(3)  Occupied and unoccupied operation with associated temperature 
and volume limits.
(4)  Temperature setpoint override.

     b.  Program Inputs

(1)  Space temperature.
(2)  Space temperature setpoint.
(3)  Space temperature setpoint limits.
(4)  Supply airflow volume.
(5)  Supply airflow volume high and low limits.

     c.  Program Outputs

(1)  Supply volume control signal.
(2)  Auxiliary fan start/stop signal.
(3)  Supplemental heat control signal.

PART 3   EXECUTION

3.1   GENERAL INSTALLATION CRITERIA

3.1.1   HVAC Control System

The HVAC control system shall be completely installed and ready for 
operation.  Dielectric isolation shall be provided where dissimilar metals 
are used for connection and support.  Penetrations through and mounting 
holes in the building exterior shall be made watertight.  The HVAC control 
system installation shall provide clearance for control system maintenance 
by maintaining access space between coils, access space to mixed-air 
plenums, and other access space required to calibrate, remove, repair, or 
replace control system devices.  The control system installation shall not 
interfere with the clearance requirements for mechanical and electrical 
system maintenance.

3.1.2   Software Installation

Software shall be loaded for an operational system, including databases for 
all points, operational parameters, and system, command, and application 
software.  The Contractor shall provide original and backup copies of 
source, excluding the general purpose operating systems and utility 
programs furnished by computer manufacturers and the non-job-specific 
proprietary code furnished by the system manufacturer, and object modules 
for software on each type of media utilized, within 30 days of formal 
Government acceptance.  In addition, a copy of individual floppy disks of 
software for each DDC panel shall be provided.

3.1.3   Device Mounting Criteria

Devices mounted in or on piping or ductwork, on building surfaces, in 
mechanical/electrical spaces, or in occupied space ceilings shall be 
installed in accordance with manufacturer's recommendations and as shown.  
Control devices to be installed in piping and ductwork shall be provided 
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with required gaskets, flanges, thermal compounds, insulation, piping, 
fittings, and manual valves for shutoff, equalization, purging, and 
calibration.  Strap-on temperature sensing elements shall not be used 
except as specified.

3.1.4   Wiring Criteria

Wiring external to control panels, including low-voltage wiring, shall be 
installed in metallic raceways.  Nonmetallic-sheathed cables or 
metallic-armored cables may be installed in areas permitted by NFPA 70 
Wiring shall be installed without splices between control devices and DDC 
panels.  Instrumentation grounding shall be installed as necessary to 
prevent ground loops, noise, and surges from adversely affecting operation 
of the system.  Ground rods installed by the contractor shall be tested as 
specified in IEEE Std 142.  Cables and conductor wires shall be tagged at 
both ends, with the identifier shown on the shop drawings.  Electrical work 
shall be as specified in Section 16402 INTERIOR DISTRIBUTION SYSTEM and as 
shown.

3.2   CONTROL SYSTEM INSTALLATION

3.2.1   Damper Actuators

Actuators shall not be mounted in the air stream.  Multiple actuators 
operating a common damper shall be connected to a common drive shaft.  
Actuators shall be installed so that their action shall seal the damper to 
the extent required to maintain leakage at or below the specified rate and 
shall move the blades smoothly.

3.2.2   Not Used

3.2.3   Room Instrument Mounting

Room instruments , such as wall mounted thermostats, shall be mounted  60 
inches above the floor unless otherwise shown.  Temperature setpoint 
devices shall be recess mounted.

3.2.4   Averaging Temperature Sensing Elements

Sensing elements shall have a total element minimum length equal to  1 
linear foot per square foot of duct cross-sectional area.

3.2.5   Duct Static Pressure Sensing Elements and Transmitters

The duct static pressure sensing element and transmitter sensing point 
shall be located at 75% to 100% of the distance between the first and last 
air terminal units.

3.2.6   Indication Devices Installed in Piping and Liquid Systems

Gauges in piping systems subject to pulsation shall have snubbers.  
Thermometers and temperature sensing elements installed in liquid systems 
shall be installed in thermowells.
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3.3   CONTROL SEQUENCES OF OPERATION

3.3.1   General Requirements - HVAC Systems

These requirements shall apply to all primary HVAC systems unless modified 
herein.  The sequences describe the actions of the control system for one 
direction of change in the HVAC process analog variable, such as 
temperature, humidity or pressure.  The reverse sequence shall occur when 
the direction of change is reversed.  Control sequences of operation shall 
be as indicated on the drawings.

3.4   BALANCING AND TESTING

3.4.1   Coordination with HVAC System Balancing

The contractor shall tune the HVAC control system after all air system and 
hydronic system balancing has been completed, minimum damper positions set 
and a report has been issued.

3.4.2   Control System Calibration, and Adjustments

The Contractor shall provide all personnel, equipment, instrumentation, and 
supplies necessary to perform testing of the HVAC control system.  All 
instrumentation and controls shall be calibrated and the specified accuracy 
shall be verified using test equipment with calibration traceable to NIST 
standards.  Wiring shall be tested for continuity and for ground, open, and 
short circuits.  Mechanical control devices shall be adjusted to operate as 
specified.  HVAC control panels shall be pretested off-site as a 
functioning assembly ready for field connections, calibration, and 
adjustment of the operational HVAC control system.  Control parameters and 
logic (virtual) points including control loop setpoints, gain constants, 
and integral constraints, shall be adjusted before the system is placed on 
line.  Communications requirements shall be as indicated.  Written 
notification of any planned testing of the HVAC Control systems shall be 
given to the Government at least 14 calendar days in advance.

3.4.3   Performance Verification Test

The Contractor shall demonstrate compliance of the HVAC control system with 
the contract documents.  Using test plans and procedures previously 
approved by the Government, the Contractor shall demonstrate all physical 
and functional requirements of the project.  The performance verification 
test shall show, step-by-step, the actions and results demonstrating that 
the control systems perform in accordance with the sequences of operation.  
The performance verification test shall not be started until after receipt 
by the Contractor of written permission by the Government, based on 
completion of balancing.  The tests shall not be conducted during scheduled 
seasonal off periods of base heating and cooling systems.

3.4.4   Endurance Test

The endurance test shall be used to demonstrate the specified overall 
system reliability requirement of the completed system.  The endurance test 
shall not be started until the Government notifies the Contractor in 
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writing that the performance verification test is satisfactorily completed. 
 The Government may terminate the testing at any time when the system fails 
to perform as specified.  Upon termination of testing by the Government or 
by the Contractor, the Contractor shall commence an assessment period as 
described for Phase II.  Upon successful completion of the endurance test, 
the Contractor shall deliver test reports and other documentation as 
specified to the Government prior to acceptance of the system.

     a.  Phase I (Testing).  The test shall be conducted 24 hours per day, 
7 days per week, for 15 consecutive calendar days, including holidays, and 
the system shall operate as specified.  The Contractor shall make no 
repairs during this phase of testing unless authorized by the Government in 
writing.

     b.  Phase II (Assessment).  After the conclusion of Phase I, the 
Contractor shall identify failures, determine causes of failures, repair 
failures, and deliver a written report to the Government.  The report shall 
explain in detail the nature of each failure, corrective action taken, 
results of tests performed, and shall recommend the point at which testing 
should be resumed.  After delivering the written report, the Contractor 
shall convene a test review meeting at the jobsite to present the results 
and recommendations to the Government.  As a part of this test review 
meeting, the Contractor shall demonstrate that all failures have been 
corrected by performing appropriate portions of the performance 
verification test.  Based on the Contractor's report and test review 
meeting, the Government may require that the Phase I test be totally or 
partially rerun.  After the conclusion of any retesting which the 
Government may require, the Phase II assessment shall be repeated as if 
Phase I had just been completed.

3.4.5   Posted and Panel Instructions

Posted and Panel Instructions, showing the final installed conditions, 
shall be provided for each system.  The posted instructions shall consist 
of laminated half-size drawings and shall include the control system 
schematic, equipment schedule, sequence of operation, wiring diagram, 
communication network diagram, and valve and damper schedules.  The posted 
instructions shall be permanently affixed, by mechanical means, to a wall 
near the control panel.  Panel instructions shall consist of laminated 
letter-size sheets and shall include a Routine Maintenance Checklist and 
as-built configuration check sheets.  Panel instructions and one copy of 
the Operation and Maintenance Manuals, previously described herein, shall 
be placed inside each control panel or permanently affixed, by mechanical 
means, to a wall near the panel.

3.5   TRAINING

3.5.1   Training Course Requirements

A training course shall be conducted for 10 operating staff members 
designated by the Contracting Officer in the maintenance and operation of 
the system, including specified hardware and software.  The training 
period, for a total of 32 hours of normal working time, shall be conducted 
within 30 days after successful completion of the performance verification 
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test.  The training course shall be conducted at the project site.  
Audiovisual equipment and 10 sets of all other training materials and 
supplies shall be provided.  A training day is defined as 8 hours of 
classroom instruction, including two 15 minute breaks and excluding 
lunchtime, Monday through Friday, during the daytime shift in effect at the 
training facility.

3.5.2   Training Course Content

For guidance in planning the required instruction, the Contractor shall 
assume that attendees will have a high school education or equivalent, and 
are familiar with HVAC systems.  The training course shall cover all of the 
material contained in the Operating and Maintenance Instructions, the 
layout and location of each HVAC control panel, the layout of one of each 
type of unitary equipment and the locations of each, the location of each 
control device external to the panels, preventive maintenance, 
troubleshooting, diagnostics, calibration, adjustment, and repair 
procedures.  Typical systems and similar systems may be treated as a group, 
with instruction on the physical layout of one such system.  The results of 
the performance verification test and the calibration, and adjustment shall 
be presented as benchmarks of HVAC control system performance by which to 
measure operation and maintenance effectiveness.

        -- End of Section --
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SECTION 15990A

TESTING, ADJUSTING, AND BALANCING OF HVAC SYSTEMS
11/04

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

ASSOCIATED AIR BALANCE COUNCIL (AABC)

AABC MN-1 (2002) National Standards for Total System 
Balance

NATIONAL ENVIRONMENTAL BALANCING BUREAU (NEBB)

NEBB TABES (1998) Procedural Standards for Testing, 
Adjusting, Balancing of Environmental 
Systems

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION 
(SMACNA)

SMACNA HVACTAB (2002, 3rd Ed) HVAC Systems - Testing, 
Adjusting and Balancing

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

TAB Schematic Drawings and Report Forms; G-AE

  Seven copies of the TAB Schematic Drawings and Report Forms, no 
later than 21 days prior to the start of TAB field measurements.

SD-03 Product Data

TAB Related HVAC Submittals

  A list of the TAB Related HVAC Submittals, no later than 7 days 
after the approval of the TAB Specialist.
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TAB Procedures

  Proposed procedures for TAB, submitted with the TAB Schematic 
Drawings and Report Forms.

Calibration

  List of each instrument to be used during TAB, stating 
calibration requirements required or recommended by both the TAB 
Standard and the instrument manufacturer and the actual 
calibration history of the instrument, submitted with the TAB 
Procedures.  The calibration history shall include dates 
calibrated, the qualifications of the calibration laboratory, and 
the calibration procedures used.

Systems Readiness Check

  Proposed date and time to begin the Systems Readiness Check, no 
later than 7 days prior to the start of the Systems Readiness 
Check.

TAB Execution

  Proposed date and time to begin field measurements, making 
adjustments, etc., for the TAB Report, submitted with the Systems 
Readiness Check Report.

TAB Verification

  Proposed date and time to begin the TAB Verification, submitted 
with the TAB Report.

SD-06 Test Reports

Design Review Report

  A copy of the Design Review Report, no later than 14 days after 
approval of the TAB Firm and the TAB Specialist.

Systems Readiness Check

  A copy of completed checklists for each system, each signed by 
the TAB Specialist, at least 7 days prior to the start of TAB 
Execution.  All items in the Systems Readiness Check Report shall 
be signed by the TAB Specialist and shall bear the seal of the 
Professional Society or National Association used as the TAB 
Standard.

TAB Report

  Seven copies of the completed TAB Reports, no later that 7 days 
after the execution of TAB.  All items in the TAB Report shall be 
signed by the TAB Specialist and shall bear the seal of the 
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Professional Society or National Association used as the TAB 
Standard.

TAB Verification Report; G-AE

  Seven copies of the completed TAB Verification Report, no later 
that 7 days after the execution of TAB Verification.  All items in 
the TAB Verification Report shall be signed by the TAB Specialist 
and shall bear the seal of the Professional Society or National 
Association used as the TAB Standard.

SD-07 Certificates

Ductwork Leak Testing

  A written statement signed by the TAB Specialist certifying that 
the TAB Specialist witnessed the Ductwork Leak Testing, it was 
successfully completed, and that there are no known deficiencies 
related to the ductwork installation that will prevent TAB from 
producing satisfactory results.

TAB Firm

  Certification of the proposed TAB Firm's qualifications by 
either AABC, NEBB, or TABB to perform the duties specified herein 
and in other related Sections, no later than 21 days after the 
Notice to Proceed.  The documentation shall include the date that 
the Certification was initially granted and the date that the 
current Certification expires.  Any lapses in Certification of the 
proposed TAB Firm or disciplinary action taken by AABC, NEBB or 
TABB against the proposed TAB Firm shall be described in detail.

TAB Specialist

  Certification of the proposed TAB Specialist's qualifications by 
either AABC, NEBB, or TABB to perform the duties specified herein 
and in other related Sections, no later than 21 days after the 
Notice to Proceed.  The documentation shall include the date that 
the Certification was initially granted and the date that the 
current Certification expires.  Any lapses in Certification of the 
proposed TAB Specialist or disciplinary action taken by AABC, 
NEBB, or TABB against the proposed TAB Specialist shall be 
described in detail.

1.3   SIMILAR TERMS

In some instances, terminology differs between the Contract and the TAB 
Standard primarily because the intent of this Section is to use the 
industry standards specified, along with additional requirements listed 
herein to produce optimal results.  The following table of similar terms is 
provided for clarification only.  Contract requirements take precedent over 
the corresponding AABC, NEBB, or TABB requirements where differences exist.
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SIMILAR TERMS

 Contract Term      AABC Term                NEBB Term              TABB Term

TAB Standard     National Standards for   Procedural Standards     SMACNA's
                  Testing and Balancing   for Testing, Adjusting,  Procedures
                  Heating, Ventilating,   and Balancing of
                  and Air Conditioning    Environmental Systems.
                  Systems

TAB Specialist   TAB Engineer             TAB Supervisor           TAB 
                                                                   Supervisor

Systems          Construction Phase       Field Readiness          Field
Readiness        Inspection               Check & Preliminary      Readiness
Check                                     Field Procedures.        Check &
                                                                   Prelim.
                                                                   Field
                                                                   Procedures

1.4   TAB STANDARD

TAB shall be performed in accordance with the requirements of the standard 
under which the TAB Firm's qualifications are approved, i.e., AABC MN-1, 
NEBB TABES, or SMACNA HVACTAB unless otherwise specified herein.  All 
recommendations and suggested practices contained in the TAB Standard shall 
be considered mandatory.  The provisions of the TAB Standard, including 
checklists, report forms, etc., shall, as nearly as practical, be used to 
satisfy the Contract requirements.  The TAB Standard shall be used for all 
aspects of TAB, including qualifications for the TAB Firm and Specialist 
and calibration of TAB instruments.  Where the instrument manufacturer 
calibration recommendations are more stringent than those listed in the TAB 
Standard, the manufacturer's recommendations shall be adhered to.  All 
quality assurance provisions of the TAB Standard such as performance 
guarantees shall be part of this contract.  For systems or system 
components not covered in the TAB Standard, TAB procedures shall be 
developed by the TAB Specialist.  Where new procedures, requirements, etc., 
applicable to the Contract requirements have been published or adopted by 
the body responsible for the TAB Standard used (AABC, NEBB, or TABB), the 
requirements and recommendations contained in these procedures and 
requirements shall be considered mandatory.

1.5   QUALIFICATIONS

1.5.1   TAB Firm

The TAB Firm shall be either a member of AABC or certified by the NEBB or 
the TABB and certified in all categories and functions where measurements 
or performance are specified on the plans and specifications, including TAB 
of environmental systems building systems commissioning and the measuring 
of sound and vibration in environmental systems.  The certification shall 
be maintained for the entire duration of duties specified herein.  If, for 
any reason, the firm loses subject certification during this period, the 
Contractor shall immediately notify the Contracting Officer and submit 
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another TAB Firm for approval.  Any firm that has been the subject of 
disciplinary action by either the AABC, the NEBB, or the TABB within the 
five years preceding Contract Award shall not be eligible to perform any 
duties related to the HVAC systems, including TAB.  All work specified in 
this Section and in other related Sections to be performed by the TAB Firm 
shall be considered invalid if the TAB Firm loses its certification prior 
to Contract completion and must be performed by an approved successor.  
These TAB services are to assist the prime Contractor in performing the 
quality oversight for which it is responsible.  The TAB Firm shall be a 
subcontractor of the prime Contractor and shall be financially and 
corporately independent of the mechanical subcontractor, and shall report 
to and be paid by the prime Contractor.

1.5.2   TAB Specialist

The TAB Specialist shall be either a member of AABC,an experienced 
technician of the Firm certified by the NEBB, or a Supervisor certified by 
the TABB.  The certification shall be maintained for the entire duration of 
duties specified herein.  If, for any reason, the Specialist loses subject 
certification during this period, the Contractor shall immediately notify 
the Contracting Officer and submit another TAB Specialist for approval.  
Any individual that has been the subject of disciplinary action by either 
the AABC, the NEBB, or the TABB within the five years preceding Contract 
Award shall not be eligible to perform any duties related to the HVAC 
systems, including TAB.  All work specified in this Section and in other 
related Sections performed by the TAB Specialist shall be considered 
invalid if the TAB Specialist loses its certification prior to Contract 
completion and must be performed by the approved successor.

1.6   TAB SPECIALIST RESPONSIBILITIES

All TAB work specified herein and in related sections shall be performed 
under the direct guidance of the TAB Specialist.  The TAB specialist is 
required to be onsite on a daily basis to direct TAB efforts.  The TAB 
Specialist shall participate in the commissioning process specified in 
Section 15995A COMMISSIONING OF HVAC SYSTEMS.

PART 2   PRODUCTS (Not Applicable)

PART 3   EXECUTION

3.1   DESIGN REVIEW

The TAB Specialist shall review the Contract Plans and Specifications and 
advise the Contracting Officer of any deficiencies that would prevent the 
effective and accurate TAB of the system.  The TAB Specialist shall provide 
a Design Review Report individually listing each deficiency and the 
corresponding proposed corrective action necessary for proper system 
operation.

3.2   TAB RELATED HVAC SUBMITTALS

The TAB Specialist shall prepare a list of the submittals from the Contract 
Submittal Register that relate to the successful accomplishment of all HVAC 
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TAB.  The submittals identified on this list shall be accompanied by a 
letter of approval signed and dated by the TAB Specialist when submitted to 
the Government.  The TAB Specialist shall also ensure that the location and 
details of ports, terminals, connections, etc., necessary to perform TAB 
are identified on the submittals.

3.3   TAB SCHEMATIC DRAWINGS AND REPORT FORMS

A schematic drawing showing each system component, including balancing 
devices, shall be provided for each system.  Each drawing shall be 
accompanied by a copy of all report forms required by the TAB Standard used 
for that system.  Where applicable, the acceptable range of operation or 
appropriate setting for each component shall be included on the forms or as 
an attachment to the forms.  The schematic drawings shall identify all 
testing points and cross reference these points to the report forms and 
procedures.

3.4   DUCTWORK LEAK TESTING

The TAB Specialist shall witness the Ductwork Leak Testing specified in 
Section 15895 AIR SUPPLY, DISTRIBUTION, VENTILATION, AND EXHAUST SYSTEM and 
approve the results as specified in Paragraph TAB RELATED HVAC SUBMITTALS.

3.5   TESTING, ADJUSTING, AND BALANCING

3.5.1   TAB Procedures

Step by step procedures for each measurement required during TAB Execution 
shall be provided.  The procedures shall be oriented such that there is a 
separate section for each system.  The procedures shall include measures to 
ensure that each system performs as specified in all operating modes, 
interactions with other components (such as exhaust fans, relief vents, 
etc.) and systems, and with all seasonal operating differences, diversity, 
simulated loads, and pressure relationships required.

3.5.2   Systems Readiness Check

The TAB Specialist shall inspect each system to ensure that it is complete, 
including installation and operation of controls, and that all aspects of 
the facility that have any bearing on the HVAC systems, including 
installation of ceilings, walls, windows, doors, and partitions, are 
complete to the extent that TAB results will not be affected by any detail 
or touch-up work remaining.  The TAB Specialist shall also verify that all 
items such as ductwork and piping ports, terminals, connections, etc., 
necessary to perform TAB shall be complete during the Systems Readiness 
Check.

3.5.3   Preparation of TAB Report

Preparation of the TAB Report shall begin only when the Systems Readiness 
Report has been approved.  The Report shall be oriented so that there is a 
separate section for each system.  The Report shall include a copy of the 
appropriate approved Schematic Drawings and TAB Related Submittals, such as 
pump curves, fan curves, etc., along with the completed report forms for 
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each system.  The operating points measured during successful TAB Execution 
and the theoretical operating points listed in the approved submittals 
shall be marked on the performance curves and tables.  Where possible, 
adjustments shall be made using an "industry standard" technique which 
would result in the greatest energy savings, such as adjusting the speed of 
a fan instead of throttling the flow.  Any deficiencies outside of the 
realm of normal adjustments and balancing during TAB Execution shall be 
noted along with a description of corrective action performed to bring the 
measurement into the specified range.  If, for any reason, the TAB 
Specialist determines during TAB Execution that any Contract requirement 
cannot be met, the TAB Specialist shall immediately provide a written 
description of the deficiency and the corresponding proposed corrective 
action necessary for proper system operation to the Contracting Officer.

3.5.4   TAB Verification

The TAB Specialist shall recheck ten percent of the measurements listed in 
the Tab Report and prepare a TAB Verification Report.  The measurements 
selected for verification and the individuals that witness the verification 
will be selected by the Contracting Officer's Representative (COR).  The 
measurements will be recorded in the same manner as required for the TAB 
Report.  All measurements that fall outside the acceptable operating range 
specified shall be accompanied by an explanation as to why the measurement 
does not correlate with that listed in the TAB Report and a description of 
corrective action performed to bring the measurement into the specified 
range.  The TAB Specialist shall update the original TAB report to reflect 
any changes or differences noted in the TAB verification report and submit 
the updated TAB report.  If over 20 percent of the measurements selected by 
the COR for verification fall outside of the acceptable operating range 
specified, the COR will select an additional ten  percent for verification. 
 If over 20 percent of the total tested (including both test groups) fall 
outside of the acceptable range, the TAB Report shall be considered invalid 
and all contract TAB work shall be repeated beginning with the Systems 
Readiness Check.

3.5.5   Marking of Setting

Following approval of TAB Verification Report, the setting of all HVAC 
adjustment devices including valves, splitters, and dampers shall be 
permanently marked by the TAB Specialist so that adjustment can be restored 
if disturbed at any time.

3.5.6   Identification of Test Ports

The TAB Specialist shall permanently and legibly identify the location 
points of duct test ports.  If the ductwork has exterior insulation, the 
identification shall be made on the exterior side of the insulation.  All 
penetrations through ductwork and ductwork insulation shall be sealed to 
prevent air leakage or to maintain integrity of vapor barrier.

        -- End of Section --
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SECTION 15995A

COMMISSIONING OF HVAC SYSTEMS
07/03

PART 1   GENERAL

1.1   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Commissioning Team

  List of team members who will represent the Contractor in the 
pre-commissioning checks and functional performance testing, at 
least 2 weeks prior to the start of pre-commissioning checks.  
Proposed revision to the list, prior to the start of the impacted 
work.

Tests

  Detailed procedures for pre-commissioning checks and functional 
performance tests, at least 4 weeks prior to the start of 
pre-commissioning checks.

Pre-Commissioning Checks

  Schedule for pre-commissioning checks and functional performance 
tests, at least 2 weeks prior to the start of pre-commissioning 
checks.

SD-06 Test Reports

Test Reports; G-AO

  Completed pre-commissioning checklists and functional 
performance test checklists organized by system and by subsystem 
and submitted as one package.  The results of failed tests shall 
be included along with a description of the corrective action 
taken.

1.2   SEQUENCING AND SCHEDULING

The work described in this Section shall begin only after all work required 
in related Sections, including Section 15951 DIRECT DIGITAL CONTROL FOR 
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HVAC AND OTHER LOCAL BUILDING SYSTEMS and Section 15990A TESTING, 
ADJUSTING, AND BALANCING OF HVAC SYSTEMS, has been successfully completed, 
and all test and inspection reports and operation and maintenance manuals 
required in these Sections have been submitted and approved.  Seismic 
details shall be in accordance with Sections 13080 SEISMIC PROTECTION FOR 
MISCELLANEOUS EQUIPMENT and 15070A SEISMIC PROTECTION FOR MECHANICAL 
EQUIPMENT

PART 2   PRODUCTS   (Not Applicable)

PART 3   EXECUTION

3.1   COMMISSIONING TEAM AND CHECKLISTS

The Contractor shall designate team members to participate in the 
pre-commissioning checks and the functional performance testing specified 
herein.  In addition, the Government will be represented by a 
representative of the Contracting Officer, the Design Agent's 
Representative, and the Using Agency.  The team members shall be as follows:

Designation                      Function

Q              Contractor's Chief Quality Control Representative
M              Contractor's Mechanical Representative
E              Contractor's Electrical Representative
T              Contractor's Testing, Adjusting, and Balancing 
Representative
C              Contractor's Controls Representative
D              Design Agent's Representative
O              Contracting Officer's Representative
U              Using Agency's Representative

Appendices A and B are provided as a general checklist and have been 
prepared to best match the various equipment selected during the design of 
this project.  Each checklist shown in Appendices A and B shall be reviewed 
and modified as necessary to reflect equipment actually installed during 
construction of the project.  The commissioning team shall review the 
accuracy and applicability of each item in the checklist and revise as 
needed.  Equipment shown in the checklist but not installed for the project 
shall be annotated as "NA".  Likewise, equipment installed but not listed 
in the checklist shall be added or revised accordingly.  A note as to why 
it was added or revised shall be inserted with the reviewer's initial.  The 
commissioning team shall also add or modify to any of the equipment 
checklist items as required and/or specified by the equipment manufacturer. 
 Acceptance by each commissioning team member of each pre-commissioning 
checklist item shall be indicated by initials and date, unless an "X" is 
shown indicating that participation by that individual is not required.  
Acceptance by each commissioning team member of each functional performance 
test checklist shall be indicated by signature and date.

3.2   TESTS

The pre-commissioning checks and functional performance tests shall be 
performed in a manner which essentially duplicates the checking, testing, 
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and inspection methods established in the related Sections.  Where 
checking, testing, and inspection methods are not specified in other 
Sections, methods shall be established which will provide the information 
required.  Testing and verification required by this section shall be 
performed during the Commissioning phase.  Requirements in related Sections 
are independent from the requirements of this Section and shall not be used 
to satisfy any of the requirements specified in this Section.  The 
Contractor shall provide all materials, services, and labor required to 
perform the pre-commissioning checks and functional performance tests.  A 
pre-commissioning check or functional performance test shall be aborted if 
any system deficiency prevents the successful completion of the test or if 
any participating non-Government commissioning team member of which 
participation is specified is not present for the test.  The Contractor 
shall reimburse the Government for all costs associated with effort lost 
due to tests that are aborted.  These costs shall include salary, travel 
costs and per diem (where applicable) for Government commissioning team 
members.  The Contractor shall submit Test Reports as specified in the 
Submittals paragraph.

3.2.1   Pre-Commissioning Checks

Pre-commissioning checks shall be performed for the items indicated on the 
checklists in Appendix A.  Deficiencies discovered during these checks 
shall be corrected and retested in accordance with the applicable contract 
requirements.

3.2.2   Functional Performance Tests

Functional performance tests shall be performed for the items indicated on 
the checklists in Appendix B.  Functional performance tests shall begin 
only after all pre-commissioning checks have been successfully completed.  
Tests shall prove all modes of the sequences of operation, and shall verify 
all other relevant contract requirements.  Tests shall begin with equipment 
or components and shall progress through subsystems to complete systems.  
Upon failure of any functional performance test checklist item, the 
Contractor shall correct all deficiencies in accordance with the applicable 
contract requirements.  The checklist shall then be repeated until it has 
been completed with no errors.
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APPENDIX A

PRE-COMMISSIONING CHECKLISTS

Pre-commissioning checklist - Piping

For _____   Piping System

Checklist Item                                Q   M   E   T   C   D   O   U

Installation

a.  Piping complete.                         ___ ___  X  ___  X  ___ ___ ___

b.  As-built shop drawings submitted.        ___ ___  X  ___  X  ___ ___ ___

c.  Piping flushed and cleaned.              ___ ___  X  ___  X  ___ ___ ___

d.  Strainers cleaned.                       ___ ___  X  ___  X  ___ ___ ___

e.  Valves installed as required.            ___ ___  X  ___  X  ___ ___ ___

f.  Piping insulated as required.            ___ ___  X  ___  X  ___ ___ ___

g.  Thermometers and gauges installed as
    required.                                ___ ___  X  ___  X  ___ ___ ___

h.  Verify operation of valves.              ___ ___  X  ___ ___ ___ ___ ___

i.  Air vents installed as specified.        ___ ___  X   X   X  ___ ___ ___

j.  Flexible connectors installed as specified__ ___  X   X   X  ___ ___ ___

k.  Verify that piping has been labeled and
    valves identified as specified.          ___ ___  X  ___ ___ ___ ___ ___

Testing, Adjusting, and Balancing (TAB)

a.  Hydrostatic test complete.               ___ ___  X  ___  X  ___ ___ ___

b.  TAB operation complete.                  ___ ___  X  ___ ___ ___ ___ ___
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Pre-commissioning Checklist - Ductwork

For Water Source Heat Pump:  _____  

Checklist Item                                Q   M   E   T   C   D   O   U

Installation

a.  Ductwork complete.                       ___ ___  X  ___  X  ___ ___ ___

b.  As-built shop drawings submitted.        ___ ___  X  ___  X  ___ ___ ___

c.  Ductwork leak test complete.             ___ ___  X  ___  X  ___ ___ ___

d. Fire dampers, smoke dampers, and
    access doors installed as required with
    installation of each verified by the
    specified team members initialing each
    location on a copy of the as-built
    drawings.                                ___ ___  X  ___  X  ___ ___ ___  
e.  Ductwork insulated as required.          ___ ___  X  ___  X  ___ ___ ___

f.  Thermometers and gauges installed as
    required.                                ___ ___ ___ ___ ___ ___ ___ ___

g.  Verify open/closed status of dampers.    ___ ___  X  ___  X  ___ ___ ___

h.  Verify smoke and fire damper operation.   ___ ___  X  ___ ___ ___ ___ ___

i.  Flexible connectors installed as specified__ ___  X  ___  X  ___ ___ ___

Testing, Adjusting, and Balancing (TAB)

a.  TAB operation complete.                  ___ ___  X  ___  X  ___ ___ ___
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Pre-commissioning Checklist - Pumps

For Pump:  _____  

Checklist Item                                Q   M   E   T   C   D   O   U

Installation

a.  Pumps grouted in place.                  ___ ___  X   X   X  ___ ___ ___

b.  Pump vibration isolation devices
    functional.                              ___ ___  X   X   X  ___ ___ ___

c.  Pump/motor coupling alignment verified.  ___ ___  X   X   X  ___ ___ ___

d.  Piping system installed.                 ___ ___  X   X   X  ___ ___ ___

e.  Piping system pressure tested.           ___ ___  X   X   X  ___ ___ ___

f.  Pump not leaking.                        ___ ___  X   X   X  ___ ___ ___

g.  Field assembled couplings aligned to
    meet manufacturer's prescribed tolerances.______  X   X   X  ___ ___ ___

Electrical

a.  Power available to pump disconnect.      ___ ___ ___  X   X  ___ ___ ___

b.  Pump rotation verified.                  ___ ___ ___  X   X  ___ ___ ___

c.  Control system interlocks functional.    ___ ___ ___  X  ___ ___ ___ ___

d.  Verify that power disconnect is located
    within sight of the unit it controls.    ___ ___ ___  X  ___ ___ ___ ___

Testing, Adjusting, and Balancing (TAB)

a.  Pressure/temperature gauges installed.   ___ ___  X  ___  X  ___ ___ ___

b.  Piping system cleaned.                   ___ ___  X   X   X  ___ ___ ___

c.  Chemical water treatment complete.       ___ ___  X   X   X  ___ ___ ___

d.  Water balance complete.                  ___ ___  X  ___  X  ___ ___ ___

e.  Water balance with design maximum flow.  ___ ___  X  ___  X  ___ ___ ___

f.  TAB Report submitted.                    ___ ___  X  ___  X  ___ ___ ___
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Pre-commissioning Checklist - Unit Heater

For Unit Heater:  _____  

Checklist Item                                Q   M   E   T   C   D   O   U

Installation

a.  Any damage to coil fins has been repaired.__ ___  X  ___  X  ___ ___ ___

b.  Manufacturer's required maintenance/
    operational clearance provided.          ___ ___  X   X   X  ___ ___ ___

Electrical

a.  Power available to unit disconnect.      ___ ___ ___  X  ___ ___ ___ ___

b.  Proper motor rotation verified.          ___ ___ ___  X   X  ___ ___ ___

c.  Verify that power disconnect is located
    within sight of the unit it controls.    ___ ___ ___  X  ___ ___ ___ ___

d.  Power available to electric heating coil.___ ___ ___  X  ___ ___ ___ ___

Controls

a.  Control valves properly installed.       ___ ___  X  ___ ___ ___ ___ ___

b.  Control valves operable.                 ___ ___  X   X  ___ ___ ___ ___

c.  Verify proper location and installation of
    thermostat.                              ___ ___  X  ___ ___ ___ ___ ___

Testing, Adjusting, and Balancing (TAB)

a.  TAB Report submitted.                    ___ ___  X  ___  X  ___ ___ ___
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Pre-commissioning Checklist - Exhaust Fan

For Exhaust Fan:  _____  

Checklist Item                                Q   M   E   T   C   D   O   U

Installation

a.  Fan belt adjusted.                       ___ ___  X  ___  X  ___ ___ ___

Electrical

a.  Power available to fan disconnect.       ___ ___ ___  X  ___ ___ ___ ___

b.  Proper motor rotation verified.          ___ ___ ___ ___  X  ___ ___ ___

c.  Verify that power disconnect is located
    within sight of the unit it controls.    ___ ___ ___  X  ___ ___ ___ ___

Controls

a.  Control interlocks properly installed.   ___ ___ ___  X  ___ ___ ___ ___

b.  Control interlocks operable.             ___ ___ ___  X  ___ ___ ___ ___

c.  Dampers/actuators properly installed.    ___ ___  X  ___ ___ ___ ___ ___

d.  Dampers/actuators operable.              ___ ___  X  ___ ___ ___ ___ ___

e.  Verify proper location and installation of
    thermostat.                              ___ ___  X  ___ ___ ___ ___ ___

Testing, Adjusting, and Balancing (TAB)

a.  TAB results within limits specified in
    Section 15990A                           ___ ___  X  ___  X  ___ ___ ___

b.  TAB Report submitted.                    ___ ___  X  ___  X  ___ ___ ___
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Pre-commissioning Checklist - HVAC System Controls

For HVAC System:  _____  

Checklist Item                                Q   M   E   T   C   D   O   U

Installation

a.  As-built shop drawings submitted.        ___ ___  X   X  ___ ___ ___ ___

b.  Layout of control panel matches drawings.___ ___  X   X  ___ ___ ___ ___

c.  Framed instructions mounted in or near
    control panel.                           ___ ___  X   X  ___ ___ ___ ___

d.  Components properly labeled (on inside and
    outside of panel).                       ___ ___  X   X  ___ ___ ___ ___

e.  Control components piped and/or wired to
    each labeled terminal strip.             ___ ___  X   X  ___ ___ ___ ___

f.  EMCS connection made to each labeled
    terminal strip as shown.                 ___ ___  X   X  ___ ___ ___ ___

g.  Control wiring and tubing labeled at all
    terminations, splices, and junctions.    ___ ___  X   X  ___ ___ ___ ___

h.  Shielded wiring used on electronic sensors.__ __  X   X  ___ ___ ___ ___

i.  Air dryer installed as specified.        ___ ___  X   X  ___ ___ ___ ___

j.  Water drain installed as specified.      ___ ___  X   X  ___ ___ ___ ___

Main Power and Control Air

a.  110 volt AC power available to panel.    ___ ___ ___  X  ___ ___ ___ ___

b.   20 psig
  compressed air available to panel.         ___ ___  X   X  ___ ___ ___ ___

Testing, Commissioning, and Balancing

a.  Testing, Commissioning, and Balancing
    Report submitted.                        ___ ___  X  ___ ___ ___ ___ ___
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Pre-commissioning Checklist - Water Source Heat Pump

For Water Source Heat Pump:  _____  

Checklist Item                                Q   M   E   T   C   D   O   U

Installation

a.  Vibration isolation devices installed.    __ ___  X   X   X  ___ ___ ___

b.  Inspection and access doors are operable
    and sealed.                               __ ___  X  ___  X  ___ ___ ___

c.  Casing undamaged.                         __ ___  X   X   X  ___ ___ ___

d.  Insulation undamaged.                     __ ___  X   X   X  ___ ___ ___

e.  Condensate drainage is unobstructed.      __ ___  X   X   X  ___ ___ ___

f.  Fan belt adjusted.                        __ ___  X  ___  X  ___ ___ ___

g.  Any damage to coil fins has been repaired. __ __  X  ___  X  ___ ___ ___

h.  Manufacturer's required maintenance
    clearance provided.                       __ ___  X   X   X  ___ ___ ___

Electrical

a.  Power available to unit disconnect.       __ ___ ___  X   X  ___ ___ ___

b.  Power available to unit control panel.    __ ___ ___  X  ___ ___ ___ ___

c.  Proper motor rotation verified.           ___ ___ ___ __  X  ___ ___ ___

d.  Verify that power disconnect is located
    within sight of the unit it controls.     ___ ___ __  X  ___ ___ ___ ___

e.  Power available to electric heating coil. __ ___ ___  X  ___ ___ ___ ___

Coils

a.  Heat pump loop piping properly connected.  __ ___  X  __ ___ ___ ___ ___

b.  Heat pump loop water piping pressure tested.__ ___  X   X   X  ___ ___ ___

c.  Air vents installed on water coils with
     shutoff valves as specified.            ___ ___  X   X   X  __ ___ ___

d.  Any damage to coil fins has been repaired.___ ___  X  ___  X  ___ ___ ___

Controls

a.  Control valves/actuators properly
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Pre-commissioning Checklist - Water Source Heat Pump

For Water Source Heat Pump:  _____  

Checklist Item                                Q   M   E   T   C   D   O   U
    installed.                                ___ ___  X  ___ ___ ___ ___ ___

b.  Control valves/actuators operable.        ___ ___  X  ___ ___ ___ ___ ___

c.  Dampers/actuators properly installed.     ___ ___  X  ___ ___ ___ ___ ___

d.  Dampers/actuators operable.               ___ ___  X  ___ ___ ___ ___ ___

e.  Verify proper location and installation
    of thermostat.                            ___ ___  X  ___ ___ ___ ___ ___

Testing, Adjusting, and Balancing (TAB)

a.  Construction filters removed and replaced.___ ___  X  ___  X  ___ ___ ___

b.  TAB results within limits specified in
    Section 15990A                            ___ ___  X  ___  X  ___ ___ ___

c.  TAB Report submitted.                     ___ ___  X  ___  X  ___ ___ ___
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APPENDIX B

FUNCTIONAL PERFORMANCE TESTS CHECKLISTS
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Functional Performance Test Checklist - Pumps

For Pump:  _____  

  Prior to performing this checklist, ensure that for closed loop systems, 
system is pressurized and the make-up water system is operational or, for 
open loop systems, that the sumps are filled to the proper level.

  1.  Activate pump start using control system commands (all possible 
combination, on/auto, etc.).   ON__________   AUTO__________   OFF__________

      a.  Verify pressure drop across strainer:

  Strainer inlet pressure __________        psig
  Strainer outlet pressure _________        psig

      b.  Verify pump inlet/outlet pressure reading, compare to Testing, 
Adjusting, and Balancing (TAB) Report, pump design conditions, and pump 
manufacturer's performance.

                                   DESIGN      SYSTEM TEST      ACTUAL
  Pump inlet pressure (psig)     ___________   __________    __________
  Pump outlet pressure (psig)    ___________   __________    __________

      c.  Operate pump at shutoff and at 100 percent of designed flow when 
all components are in full flow.  Plot test readings on pump curve and 
compare results against readings taken from flow measuring devices.

                                   SHUTOFF     100 percent
  Pump inlet pressure (psig)      __________   __________
  Pump outlet pressure            __________   __________
  Pump flow rate (gpm)            __________   __________

      d.  Operate pump at shutoff and at minimum flow or when all components 
are in full by-pass.  Plot test readings on pump curve and compare results 
against readings taken from flow measuring devices.

  SHUTOFF     100 percent
  Pump inlet pressure (psig)      __________   __________
  Pump outlet pressure            __________   __________
  Pump flow rate (gpm)            __________   __________

     2.  Verify motor amperage each phase and voltage phase to phase and 
phase to ground for both the full flow and the minimum flow conditions.

      a.  Full flow:

                                     PHASE 1    PHASE 2    PHASE 3
        Amperage                    __________ __________ __________
        Voltage                     __________ __________ __________
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Functional Performance Test Checklist - Pumps

For Pump:  _____  
        Voltage                     __________ __________ __________
        Voltage to ground          ___________ __________ __________

      b.  Minimum flow:

                                     PHASE 1    PHASE 2    PHASE 3
        Amperage                   __________ __________ __________
        Voltage                          __________ __________
        Voltage                        
        Voltage to ground          __________ __________ __________

  3.  Unusual vibration, noise, etc.

  ___________________________________________________________________________

  ___________________________________________________________________________

  4.  Certification:  We the undersigned have witnessed the above functional 
performance tests and certify that the item tested has met the performance 
requirements in this section of the specifications.

                                                       Signature and Date

Contractor's Chief Quality Control Representative
                                                _____________________________

Contractor's Mechanical Representative          _____________________________

Contractor's Electrical Representative          _____________________________

Contractor's Testing, Adjusting and Balancing Representative
                                                _____________________________

Contractor's Controls Representative            _____________________________

Contracting Officer's Representative            _____________________________

Using Agency's Representative                   _____________________________

Functional Performance Test Checklist - Water Source Heat Pump

For Water Source Heat Pump:  _____  

  1.  Functional Performance Test:  Contractor shall verify operation of air 
handling unit as per specification including the following:

      a.  The following shall be verified when the supply fan operating mode 
is initiated:
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Functional Performance Test Checklist - Water Source Heat Pump

For Water Source Heat Pump:  _____  

          (1)  All dampers in normal position. ______________________________

          (2)  All valves in normal position.  ______________________________

          (3) System safeties allow start if safety conditions are met. _____

      b.  Occupied mode of operation.

          (1)  Outside air damper at minimum position. ______________________

          (2)  Return air damper open. ______________________________________

          (3)  Heat pump loop. ____________

          (4) Heat pump loop water control valve modulating to maintain space 
temperature set point.  _____________________________________________

      c.  Unoccupied mode of operation

          (1) All dampers in normal position.  ______________________________

          (2) Verify low limit space temperature is maintained as specified 
in sequence of operation.  __________________________________________________

      d.  The following shall be verified when the supply fan off mode is 
initiated:

          (1) All dampers in normal position.  ______________________________

          (2) All valves in normal position.  _______________________________

          (3)  Fan de-energizes.  ___________________________________________

      e.  Verify coil operation by varying thermostat set point from cooling 
set point to heating set point and returning to cooling set point.  
____________________________________________

      f.  Verify safety shut down initiated by smoke detectors. _____________

      g.  Verify safety shut down initiated by low temperature protection   
thermostat.   _______________________________________________________________

  2.  Certification:  We the undersigned have witnessed the above functional 
performance tests and certify that the item tested has met the performance 
requirements in this section of the specifications.

                                                       Signature and Date

Contractor's Chief Quality Control Representative
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Functional Performance Test Checklist - Water Source Heat Pump

For Water Source Heat Pump:  _____  
                                                _____________________________

Contractor's Mechanical Representative          _____________________________

Contractor's Electrical Representative          _____________________________

Contractor's Testing, Adjusting and Balancing Representative
                                                _____________________________

Contractor's Controls Representative            _____________________________

Contracting Officer's Representative            _____________________________

Using Agency's Representative                   _____________________________
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Functional Performance Test Checklist - Unit Heaters

  The Contracting Officer will select unit heaters to be spot-checked during 
the functional performance test.  The number of terminals shall not exceed 2  .

  1.  Functional Performance Test:  Contractor shall demonstrate operation of 
selected unit heaters as per specifications including the following:

      a.  Verify unit heater response to room temperature set point 
adjustment.  Changes to be heating set point to heating set point minus 10 
degrees and return to heating set point.  ___________________________________

      b.  Check blower fan speed.  _______________________________________rpm

      c.  Check heating mode inlet air temperature.   Check heating mode 
inlet air temperature. _____ degrees F

      d.  Check heating mode outlet air temperature.   Check heating mode 
outlet air temperature. _____ degrees F

  2.  Certification:  We the undersigned have witnessed the above functional 
performance tests and certify that the item tested has met the performance 
requirements in this section of the specifications.

                                                       Signature and Date

Contractor's Chief Quality Control Representative
                                                _____________________________

Contractor's Mechanical Representative          _____________________________

Contractor's Electrical Representative          _____________________________

Contractor's Testing, Adjusting and Balancing Representative
                                                _____________________________

Contractor's Controls Representative            _____________________________

Contracting Officer's Representative            _____________________________

Using Agency's Representative                   _____________________________
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Functional Performance Test Checklist - HVAC Controls

For HVAC System:  _____  

  The Contracting Officer will select HVAC control systems to undergo 
functional performance testing.  The number of systems shall not exceed 10.

  1.  Functional Performance Test:  Contractor shall verify operation of HVAC 
controls by performing the following tests:

      a.  Verify that controller is maintaining the set point by manually 
measuring the controlled variable with a thermometer, sling psychrometer, 
inclined manometer, etc.

      b.  Verify sensor/controller combination by manually measuring the 
controlled medium.  Take readings from control panel display and compare 
readings taken manually.  Record all readings.

  Sensor  ___________________________________________
  Manual measurement  _______________________________
  Panel reading value  ______________________________

      c.  Verify system stability by changing the controller set point as 
follows:

          (1)  Air temperature - 10 degrees F

          (2)  Water temperature - 10 degrees F

          (3)  Static pressure - 10 percent of set point

          (4)  Relative humidity - percent (RH)

  The control system shall be observed for 10 minutes after the change in set 
point.  Instability or excessive hunting will be unacceptable.

      d.  Verify interlock with other HVAC controls.

      e.  Verify interlock with fire alarm control panel.

      f.  Verify interlock with EMCS.

      g.  Change controller set point 10 percent with EMCS and verify correct 
response.

  2.  Verify that operation of control system conforms to that specified in 
the sequence of operation.

  3.  Certification:  We the undersigned have witnessed the above functional 
performance tests and certify that the item tested has met the performance 
requirements in this section of the specifications.

                                                       Signature and Date

SECTION 15995A  Page 19



Air Traffic Control Tower, Offutt AFB, NE OF33

Functional Performance Test Checklist - HVAC Controls

For HVAC System:  _____  

  Contractor's Chief Quality Control Representative _________________________

  Contractor's Mechanical Representative          ___________________________

  Contractor's Electrical Representative          ___________________________

  Contractor's Testing, Adjusting and Balancing Representative
                                                  ___________________________

  Contractor's Controls Representative            ___________________________

  Contractor's Officer's Representative           ___________________________

  Using Agency's Representative                   ___________________________

        -- End of Section --
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SECTION 16050N

BASIC ELECTRICAL MATERIALS AND METHODS
08/04

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM D 709 (2001) Laminated Thermosetting Materials

ELECTRONIC INDUSTRIES ALLIANCE (EIA)

TIA/EIA-606-A (2002) Administration Standard for the 
Telecommunications Infrastructure 
(ANSI/TIA/EIA-606-A)

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (2002) National Electrical Safety Code

IEEE Std 100 (2000) IEEE Standard Dictionary of 
Electrical and Electronics Terms

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2003) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA C57.12.28 (1999) Pad-Mounted Equipment - Enclosure 
Integrity

NEMA C57.12.29 (1999; E 2000) Pad-Mounted Equipment - 
Enclosure Integrity for Coastal 
Environments

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2005) National Electrical Code

1.2   RELATED REQUIREMENTS

This section applies to certain sections of Division 2, "Site Construction,"
 Division 11, "Equipment," Division 13, "Special Construction," and 
Division 14, "Conveying Systems" and Division 15, "Mechanical".  This 
section applies to all sections of Division 16, "Electrical," of this 
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project specification unless specified otherwise in the individual 
sections.  This section has been incorporated into, and thus, does not 
apply to, and is not referenced in the following sections.

Section 16272 THREE-PHASE PAD MOUNTED TRANSFORMERS
Section 16402 ELECTRICAL DISTRIBUTION SYSTEM 
Section 16442 SWITCHBOARDS 
Section 16510 INTERIOR LIGHTING 
Section 16520 EXTERIOR LIGHTING 
Section 16710 BUILDING TELECOMMUNICATIONS CABLING SYSTEM

1.3   DEFINITIONS

a.  Unless otherwise specified or indicated, electrical and 
electronics terms used in these specifications, and on the 
drawings, shall be as defined in IEEE Std 100.

b.  The technical sections referred to herein are those specification 
sections that describe products, installation procedures, and 
equipment operations and that refer to this section for detailed 
description of submittal types.

c.  The technical paragraphs referred to herein are those paragraphs 
in PART 2 - PRODUCTS and PART 3 - EXECUTION of the technical 
sections that describe products, systems, installation procedures, 
equipment, and test methods.

1.4   ELECTRICAL CHARACTERISTICS

Electrical characteristics for this project shall be 13.8 kV primary, three 
phase, four wire, 60 Hz, and 480Y/277 volts secondary, three phase, four 
wire.   Final connections to the power distribution system at the existing 
padmounted primary switch shall be made by the Contractor as directed by 
the Contracting Officer .

1.5   ADDITIONAL SUBMITTALS INFORMATION

Submittals required in other sections that refer to this section must 
conform to the following additional requirements as applicable.

1.5.1   Shop Drawings (SD-02)

Include wiring diagrams and installation details of equipment indicating 
proposed location, layout and arrangement, control panels, accessories, 
piping, ductwork, and other items that must be shown to ensure a 
coordinated installation.  Wiring diagrams shall identify circuit terminals 
and indicate the internal wiring for each item of equipment and the 
interconnection between each item of equipment.  Drawings shall indicate 
adequate clearance for operation, maintenance, and replacement of operating 
equipment devices.

1.5.2   Product Data (SD-03)

Submittal shall include performance and characteristic curves.
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1.6   QUALITY ASSURANCE

1.6.1   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction," or words of 
similar meaning, to mean the Contracting Officer.  Equipment, materials, 
installation, and workmanship shall be in accordance with the mandatory and 
advisory provisions of NFPA 70 unless more stringent requirements are 
specified or indicated.

1.6.2   Standard Products

Provide materials and equipment that are products of manufacturers 
regularly engaged in the production of such products which are of equal 
material, design and workmanship.  Products shall have been in satisfactory 
commercial or industrial use for 2 years prior to bid opening.  The 2-year 
period shall include applications of equipment and materials under similar 
circumstances and of similar size.  The product shall have been on sale on 
the commercial market through advertisements, manufacturers' catalogs, or 
brochures during the 2-year period.  Where two or more items of the same 
class of equipment are required, these items shall be products of a single 
manufacturer; however, the component parts of the item need not be the 
products of the same manufacturer unless stated in the technical section.

1.6.2.1   Alternative Qualifications

Products having less than a 2-year field service record will be acceptable 
if a certified record of satisfactory field operation for not less than 
6000 hours, exclusive of the manufacturers' factory or laboratory tests, is 
furnished.

1.6.2.2   Material and Equipment Manufacturing Date

Products manufactured more than 3 years prior to date of delivery to site 
shall not be used, unless specified otherwise.

1.7   WARRANTY

The equipment items shall be supported by service organizations which are 
reasonably convenient to the equipment installation in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

1.8   POSTED OPERATING INSTRUCTIONS

Provide for each system and principal item of equipment as specified in the 
technical sections for use by operation and maintenance personnel.  The 
operating instructions shall include the following:

a.  Wiring diagrams, control diagrams, and control sequence for each 
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principal system and item of equipment.

b.  Start up, proper adjustment, operating, lubrication, and shutdown 
procedures.

c.  Safety precautions.

d.  The procedure in the event of equipment failure.

e.  Other items of instruction as recommended by the manufacturer of 
each system or item of equipment.

Print or engrave operating instructions and frame under glass or in 
approved laminated plastic.  Post instructions where directed.  For 
operating instructions exposed to the weather, provide weather-resistant 
materials or weatherproof enclosures.  Operating instructions shall not 
fade when exposed to sunlight and shall be secured to prevent easy removal 
or peeling.

1.9   MANUFACTURER'S NAMEPLATE

Each item of equipment shall have a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.

1.10   FIELD FABRICATED NAMEPLATES

ASTM D 709.  Provide laminated plastic nameplates for each equipment 
enclosure, relay, switch, and device; as specified in the technical 
sections or as indicated on the drawings.  Each nameplate inscription shall 
identify the function and, when applicable, the position.  Nameplates shall 
be melamine plastic, 0.125 inch thick, white with black center core.  
Surface shall be matte finish.  Corners shall be square.  Accurately align 
lettering and engrave into the core.  Minimum size of nameplates shall be 
one by 2.5 inches.  Lettering shall be a minimum of 0.25 inch high normal 
block style.

1.11   WARNING SIGNS

Provide warning signs for the enclosures of electrical equipment including 
substations, pad-mounted transformers, pad-mounted switches, generators, 
and switchgear having a nominal rating exceeding 600 volts.

a.  When the enclosure integrity of such equipment is specified to be 
in accordance with NEMA C57.12.28 or NEMA C57.12.29, such as for 
pad-mounted transformers, provide self-adhesive warning signs on 
the outside of the high voltage compartment door(s).  Sign shall 
be a decal and shall have nominal dimensions of 7 by 10 inches 
with the legend "DANGER HIGH VOLTAGE" printed in two lines of 
nominal 2 inch high letters.  The word "DANGER" shall be in white 
letters on a red background and the words "HIGH VOLTAGE" shall be 
in black letters on a white background.  Decal shall be Panduit 
No. PPSO710D72 or approved equal.
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1.12   CABLE TAGS IN MANHOLES, HANDHOLES, AND VAULTS

Provide tags for each power and telecommunications cable or wire located in 
manholes, handholes, and vaults.  The tags shall be polyethylene.  Do not 
provide handwritten letters.  The first position on the power cable tag 
shall denote the voltage.  The second through sixth positions on the tag 
shall identify the circuit.  The next to last position shall denote the 
phase of the circuit and shall include the Greek "phi" symbol.  The last 
position shall denote the cable size.  As an example, a tag could have the 
following designation:  "11.5 NAS 1-8(Phase A)500," denoting that the 
tagged cable is on the 11.5kV system circuit number NAS 1-8, underground, 
Phase A, sized at 500 kcmil.  The labeling of telecommunications cable tags 
shall comply with TIA/EIA-606-A.  

1.12.1   Polyethylene Cable Tags

Provide tags of polyethylene that have an average tensile strength of 3250 
pounds per square inch; and that are 0.08 inch thick (minimum), 
non-corrosive non-conductive; resistive to acids, alkalis, organic 
solvents, and salt water; and distortion resistant to 170 degrees F.  
Provide 0.05 inch (minimum) thick black polyethylene tag holder.  Provide a 
one-piece nylon, self-locking tie at each end of the cable tag.  Ties shall 
have a minimum loop tensile strength of 175 pounds.  The cable tags shall 
have black block letters, numbers, and symbols one inch high on a yellow 
background.  Letters, numbers, and symbols shall not fall off or change 
positions regardless of the cable tags' orientation.

1.13   ELECTRICAL REQUIREMENTS

Electrical installations shall conform to IEEE C2, NFPA 70, and 
requirements specified herein.

1.14   INSTRUCTION TO GOVERNMENT PERSONNEL

Where specified in the technical sections, furnish the services of 
competent instructors to give full instruction to designated Government 
personnel in the adjustment, operation, and maintenance of the specified 
systems and equipment, including pertinent safety requirements as required. 
Instructors shall be thoroughly familiar with all parts of the installation 
and shall be trained in operating theory as well as practical operation and 
maintenance work.  Instruction shall be given during the first regular work 
week after the equipment or system has been accepted and turned over to the 
Government for regular operation.  The number of man-days (8 hours per day) 
of instruction furnished shall be as specified in the individual section. 
When more than 4 man-days of instruction are specified, use approximately 
half of the time for classroom instruction.  Use other time for instruction 
with equipment or system.  When significant changes or modifications in the 
equipment or system are made under the terms of the contract, provide 
additional instructions to acquaint the operating personnel with the 
changes or modifications.

PART 2   PRODUCTS
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2.1   FACTORY APPLIED FINISH

Electrical equipment shall have factory-applied painting systems which 
shall, as a minimum, meet the requirements of NEMA 250 corrosion-resistance 
test and the additional requirements specified in the technical sections.

PART 3   EXECUTION

3.1   FIELD APPLIED PAINTING

Paint electrical equipment as required to match finish of adjacent surfaces 
or to meet the indicated or specified safety criteria.  Painting shall be 
as specified in Section 09900 PAINTS AND COATINGS .

3.2   FIELD FABRICATED NAMEPLATE MOUNTING

Provide number, location, and letter designation of nameplates as 
indicated.  Fasten nameplates to the device with a minimum of two 
sheet-metal screws or two rivets.

3.3   WARNING SIGN MOUNTING

Provide the number of signs required to be readable from each accessible 
side, but space the signs a maximum of 30 feet apart.

3.4   CABLE TAG INSTALLATION

Install cable tags in each manhole, handhole, and vault as specified, 
including each splice.  Tag new wire and cable provided under this contract 
and existing wire and cable which are indicated to have splices and 
terminations provided by this contract.  Install cable tags over the 
fireproofing, if any, and locate the tags so that they are clearly visible 
without disturbing any cabling or wiring in the manholes, handholes, and 
vaults.

       -- End of Section --
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SECTION 16070A

SEISMIC PROTECTION FOR ELECTRICAL EQUIPMENT
04/99

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

U.S. ARMY CORPS OF ENGINEERS (USACE)

TI 809-04 (1998)  Seismic Design for Buildings

UNDERWRITERS LABORATORIES (UL)

UL 1570 (1995; Rev thru Nov 1999) Fluorescent 
Lighting Fixtures

UL 1571 (1995; Rev thru Nov 1999) Incandescent 
Lighting Fixtures

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Lighting Fixtures in Buildings
Equipment Requirements

  Detail drawings along with catalog cuts, templates, and erection 
and installation details, as appropriate, for the items listed.  
Submittals shall be complete in detail; shall indicate thickness, 
type, grade, class of metal, and dimensions; and shall show 
construction details, reinforcement, anchorage, and installation 
with relation to the building construction.

SD-03 Product Data

Lighting Fixtures in Buildings; G-AO
Equipment Requirements; G-AO
 Copies of the design calculations with the detail drawings.  
Calculations shall be stamped by a registered engineer and shall 
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verify the capability of structural members to which bracing is 
attached for carrying the load from the brace.

Contractor Designed Bracing; G-AO
 Copies of the Design Calculations with the Drawings.  
Calculations shall be approved, certified, stamped and signed by a 
Registered Professional Engineer.  Calculations shall verify the 
capability of structural members to which bracing is attached for 
carrying the load from the brace.

1.3   SYSTEM DESCRIPTION

1.3.1   General Requirements

The requirements for seismic protection measures described in this section 
shall be applied to the electrical equipment and systems listed below.  
Structural requirements shall be in accordance with Section 13080 SEISMIC 
PROTECTION FOR MISCELLANEOUS EQUIPMENT.

1.3.2   Electrical Equipment

Electrical equipment shall include the following items to the extent 
required on the drawings or in other sections of these specifications:

Control Panels
Water Source Heat Pump Units
Pumps with Motors
Light Fixtures
Transformers
Switchboards (Floor Mounted)
Storage Racks

1.3.3   Electrical Systems

The following electrical systems shall be installed as required on the 
drawings and other sections of these specifications and shall be 
seismically protected in accordance with this specification:  switchboards, 
panelboards, generator, automatic transfer switches, UPS (GFCI), light 
fixtures, feeders, transformers, and other applicable electrical equipment.

1.3.4   Contractor Designed Bracing

The Contractor shall design the bracing in accordance with TI 809-04 and 
additional data furnished by the Contracting Officer.  Resistance to 
lateral forces induced by earthquakes shall be accomplished without 
consideration of friction resulting from gravity loads.  TI 809-04 uses 
parameters for the building, not for the equipment in the building; 
therefore, corresponding adjustments to the formulas shall be required.  
Loadings determined using TI 809-04 are based on strength design; 
therefore, the AISC LRFP specifications shall be used for the design.  The 
bracing for the following electrical equipment and systems shall be 
developed by the Contractor:  switchboards, panelboards, generator, 
automatic transfer switches, UPS (GFCI), light fixtures, feeders, 
transformers, and other applicable electrical equipment..
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1.3.5   Conduits Requiring No Special Seismic Restraints

Seismic restraints may be omitted from electrical conduit less than 2-1/2 
inches trade size and mounted within 6 inches of the structure.  All other 
interior conduit, shall be seismically protected as specified.

1.4   EQUIPMENT REQUIREMENTS

1.4.1   Rigidly Mounted Equipment

The following specific items of equipment:  electrical equipment to be 
furnished under this contract shall be constructed and assembled to 
withstand the seismic forces specified in TI 809-04, Chapter 10.  Each item 
of rigid electrical equipment shall be entirely located and rigidly 
attached on one side only of a building expansion joint.  Piping, 
electrical conduit, etc., which cross the expansion joint shall be provided 
with flexible joints that are capable of accommodating displacements equal 
to the full width of the joint in both orthogonal directions.

Engine-Generators and all auxiliaries
Transformers
Switch Boards
Free Standing Electric Motors
Other electrical equipment

PART 2   PRODUCTS

2.1   LIGHTING FIXTURE SUPPORTS

Lighting fixtures and supports shall conform to UL 1570 or UL 1571 as 
applicable.

2.2   SWAY BRACING MATERIALS

Sway bracing materials (e.g. rods, plates, rope, angles, etc.) shall be as 
specified in Section 13080 SEISMIC PROTECTION FOR MISCELLANEOUS EQUIPMENT.

PART 3   EXECUTION

3.1   SWAY BRACES FOR CONDUIT

Conduit shall be braced as for an equivalent weight pipe in accordance with 
Section 15070A SEISMIC PROTECTION FOR MECHANICAL EQUIPMENT.

3.2   LIGHTING FIXTURES IN BUILDINGS

Lighting fixtures and supports shall conform to the following:

3.2.1   Pendant Fixtures

Pendant fixtures shall conform to the requirements of TI 809-04, Chapter 10.

3.2.2   Ceiling Attached Fixtures
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3.2.2.1   Recessed Fluorescent Fixtures

Recessed fluorescent individual or continuous-row mounted fixtures shall be 
supported by a seismic-resistant suspended ceiling support system built in 
accordance with Section 09510 ACOUSTICAL CEILINGS.  Seismic protection for 
the fixtures shall conform to the requirements of TI 809-04, Chapter 10.  
Recessed lighting fixtures not over 56 pounds in weight may be supported by 
and attached directly to the ceiling system runners using screws or bolts, 
number and size as required by the seismic design.  Fixture accessories, 
including louvers, diffusers, and lenses shall have lock or screw 
attachments.

3.2.2.2   Surface-Mounted Fluorescent Fixtures

Surface-mounted fluorescent individual or continuous-row fixtures shall be 
attached to a seismic-resistant ceiling support system built in accordance 
with Section 09510 ACOUSTICAL CEILINGS.  Seismic protection for the 
fixtures shall conform to the requirements of TI 809-04, Chapter 10.

3.2.3   Assembly Mounted on Outlet Box

A supporting assembly, that is intended to be mounted on an outlet box, 
shall be designed to accommodate mounting features on 4 inch boxes, plaster 
rings, and fixture studs.

3.2.4   Wall-Mounted Emergency Light Unit

Attachments for wall-mounted emergency light units shall be designed and 
secured for the worst expected seismic disturbance at the site.

3.2.5   Lateral Force

Structural requirements for light fixture bracing shall be in accordance 
with Section 13080 SEISMIC PROTECTION FOR MISCELLANIOUS EQUIPMENT.

    -- End of Section --
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SECTION 16081

APPARATUS INSPECTION AND TESTING
08/04

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)

NETA ATS (2003) Acceptance Testing Specifications

1.2   RELATED REQUIREMENTS

Section 16050N BASIC ELECTRICAL MATERIALS AND METHODS applies to this 
section with additions and modifications specified herein.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-06 Test Reports

Acceptance tests and inspections; G-AO

SD-07 Certificates

Qualifications of organization, and lead engineering technician; G
-AO

Acceptance test and inspections procedure; G-AO

1.4   QUALITY ASSURANCE

1.4.1   Qualifications

Contractor shall engage the services of a qualified testing organization to 
provide inspection, testing, calibration, and adjustment of the electrical 
distribution system and generation equipment listed in paragraph entitled 
"Acceptance Tests and Inspections" herein.  Organization shall be 
independent of the supplier, manufacturer, and installer of the equipment. 
  The organization shall be a first tier subcontractor.  No work required 
by this section of the specification shall be performed by a second tier 
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subcontractor.

a.  Submit name and qualifications of organization.  Organization 
shall have been regularly engaged in the testing of electrical 
materials, devices, installations, and systems for a minimum of 5 
years.  The organization shall have a calibration program, and 
test instruments used shall be calibrated in accordance with NETA 
ATS.

b.  Submit name and qualifications of the lead engineering technician 
performing the required testing services.  Include a list of three 
comparable jobs performed by the technician with specific names 
and telephone numbers for reference.  Testing, inspection, 
calibration, and adjustments shall be performed by an engineering 
technician, certified by NETA or the National Institute for 
Certification in Engineering Technologies (NICET) with a minimum 
of 5 years' experience inspecting, testing, and calibrating 
electrical distribution and generation equipment, systems, and 
devices.

1.4.2   Acceptance Tests and Inspections Reports

Submit certified copies of inspection reports and test reports.  Reports 
shall include certification of compliance with specified requirements, 
identify deficiencies, and recommend corrective action when appropriate.  
Type and neatly bind test reports to form a part of the final record.  
Submit test reports documenting the results of each test not more than 10 
days after test is completed.

1.4.3   Acceptance Test and Inspections Procedure

Submit test procedure reports for each item of equipment to be field tested 
at least 45 days prior to planned testing date.  Do not perform testing 
until after test procedure has been approved.

PART 2   PRODUCTS

Not used.

PART 3   EXECUTION

3.1   ACCEPTANCE TESTS AND INSPECTIONS

Testing organization shall perform acceptance tests and inspections.  Test 
methods, procedures, and test values shall be performed and evaluated in 
accordance with NETA ATS, the manufacturer's recommendations, and paragraph 
entitled "Field Quality Control" of each applicable specification section.  
Tests identified as optional in NETA ATS are not required unless otherwise 
specified.  Equipment shall be placed in service only after completion of 
required tests and evaluation of the test results have been completed.  
Contractor shall supply to the testing organization complete sets of shop 
drawings, settings of adjustable devices, and other information necessary 
for an accurate test and inspection of the system prior to the performance 
of any final testing.  Contracting Officer shall be notified at least 14 
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days in advance of when tests will be conducted by the testing 
organization.  Perform acceptance tests and inspections on applicable 
equipment and systems specified in the following sections:

a.  Section 16263A DIESEL-GENERATOR SET STATIONARY 100-2500 KW, WITH 
AUXILIARIES.  Functional engine shutdown tests, vibration 
base-line test, and load bank test shall not be performed by the 
testing organization.  These tests shall be performed by the 
start-up engineer.

b.  Section 16272 THREE-PHASE PAD-MOUNTED TRANSFORMERS

c.  Section 16302N UNDERGROUND TRANSMISSION AND DISTRIBUTION 

d.  Section 16410A AUTOMATIC TRANSFER SWITCHES AND BYPASS-ISOLATION 
SWITCH

e.  Section 16442 SWITCHBOARDS

3.2   SYSTEM ACCEPTANCE

Final acceptance of the system is contingent upon satisfactory completion 
of acceptance tests and inspections.

3.3   PLACING EQUIPMENT IN SERVICE

A representative of the approved testing organization shall be present when 
equipment tested by the organization is initially energized and placed in 
service.

       -- End of Section --
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 16261

VARIABLE FREQUENCY DRIVE SYSTEMS UNDER 600 VOLTS
08/04

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C62.41 (1991; R 1995) Recommended Practice for 
Surge Voltages in Low-Voltage AC Power 
Circuits

IEEE Std 519 (1992) Recommended Practices and 
Requirements for Harmonic Control in 
Electrical Power Systems

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2003) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA ICS 1 (2000) Industrial Control and Systems: 
General Requirements

NEMA ICS 3.1 (1997) Industrial Control and Systems: 
Handling, Storage and Installation Guide 
for AC General-Purpose Medium Voltage 
Contactors and Class E Controllers, 50 and 
60 Hertz

NEMA ICS 6 (1993; R 2001) Industrial Control and 
Systems: Enclosures

NEMA ICS 7 (2000) Industrial Control and Systems: 
Adjustable-Speed Drives

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2005) National Electrical Code

U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-STD-461 (Rev E) Requirements for the Control of 
Electromagnetic Interference 
Characteristics of Subsystems and Equipment
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U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

47 CFR 15 Radio Frequency Devices

UNDERWRITERS LABORATORIES (UL)

UL 489 (2002; Rev thru May 2003) Molded-Case 
Circuit Breakers, Molded-Case Switches, 
and Circuit-Breaker Enclosures

UL 508C (2002; Rev thru Jul 2003) Power Conversion 
Equipment

1.2   RELATED REQUIREMENTS

Section 16050N BASIC ELECTRICAL MATERIALS AND METHODS, and Section 16402 
DISTRIBUTION WIRING SYSTEM apply to this section with additions and 
modifications specified herein.

1.3   SYSTEM DESCRIPTION

1.3.1   Performance Requirements

1.3.1.1   Electromagnetic Interference Suppression

Computing devices, as defined by 47 CFR 15, MIL-STD-461 rules and 
regulations, shall be certified to comply with the requirements for class A 
computing devices and labeled as set forth in part 15.

1.3.1.2   Electromechanical and Electrical Components

Electrical and electromechanical components of the Variable Frequency Drive 
(VFD) shall not cause  electromagnetic interference to adjacent electrical 
or electromechanical equipment while in operation.

1.3.2   Electrical Requirements

1.3.2.1   Power Line Surge Protection

IEEE C62.41, IEEE Std 519 Control panel shall have surge  protection, 
included within the panel to protect the unit from damaging transient 
voltage surges.  Surge arrestor shall be mounted near the incoming power 
source and properly wired to all three phases and ground.  Fuses shall not 
be used for surge protection.

1.3.2.2   Sensor and Control Wiring Surge Protection

I/O functions as specified shall be protected against surges induced on 
control and sensor wiring installed outdoors and as shown.  The inputs and 
outputs shall be tested in both normal mode and common mode using the 
following two waveforms:

a.  A 10 microsecond by 1000 microsecond waveform with a peak voltage 
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of 1500 volts and a peak current of 60 amperes.

b.  An 8 microsecond by 20 microsecond waveform with a peak voltage of 
1000 volts and a peak current of 500 amperes.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Schematic diagrams; G-AO

Interconnecting diagrams; G-AO

Installation drawings; G-AO

  Submit drawings for government approval prior to equipment 
construction or integration.  Modifications to original drawings 
made during installation shall be immediately recorded for 
inclusion into the as-built drawings.

SD-03 Product Data

Variable frequency drives; G-AO

Wires and cables

Equipment schedule

  Include data indicating compatibility with motors being driven.

SD-06 Test Reports

VFD Test

Performance Verification Tests

Endurance Test

SD-08 Manufacturer's Instructions

Installation instructions

SD-09 Manufacturer's Field Reports

VFD Factory Test Plan; G-AO

Factory test results
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SD-10 Operation and Maintenance Data

Variable frequency drives, Data Package 4

  Submit in accordance with Section 01781 OPERATION AND 
MAITNENANCE DATA.  Provide service and maintenance information 
including preventive maintenance, assembly, and disassembly 
procedures.  Include electrical drawings from electrical general 
sections.  Submit additional information necessary to provide 
complete operation, repair, and maintenance information, detailed 
to the smallest replaceable unit.  Include copies of as-built 
submittals.  Provide routine preventative maintenance 
instructions, and equipment required.  Provide instructions on how 
to modify program settings, and modify the control program.  
Provide instructions on drive adjustment, trouble-shooting, and 
configuration.  Provide instructions on process tuning and system 
calibration.

1.5   QUALITY ASSURANCE

1.5.1   Schematic Diagrams

Show circuits and device elements for each replaceable module.  Schematic 
diagrams of printed circuit boards are permitted to group functional 
assemblies as devices, provided that sufficient information is provided for 
government maintenance personnel to verify proper operation of the 
functional assemblies.

1.5.2   Interconnecting Diagrams

Show interconnections between equipment assemblies, and external 
interfaces, including power and signal conductors.  Include for enclosures 
and external devices.

1.5.3   Installation Drawings

Show floor plan of each site, with V.F.D.'s and motors indicated.  Indicate 
ventilation requirements, adequate clearances, and cable routes.

1.5.4   Equipment Schedule

Provide schedule of equipment supplied. Schedule shall provide a cross 
reference between manufacturer data and identifiers indicated in shop 
drawings.  Schedule shall include the total quantity of each item of 
equipment supplied.  For complete assemblies, such as VFD's, provide the 
serial numbers of each assembly, and a sub-schedule of components within 
the assembly.  Provide recommended spare parts listing for each assembly or 
component.

1.5.5   Installation instructions

Provide installation instructions issued by the manufacturer of the 
equipment, including notes and recommendations, prior to shipment to the 
site.  Provide operation instructions prior to acceptance testing.
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1.5.6   Factory Test Results

Document test results and submit to government within 7 working days after 
completion of test.

1.6   DELIVERY AND STORAGE

Equipment delivered and placed in storage shall be stored with protection 
from the weather, humidity and temperature variations, dirt and dust, or 
other contaminants.

1.7   WARRANTY

The complete system shall be warranted by the manufacturer for a period of 
one year, or the contracted period of any extended warrantee agreed upon by 
the contractor and the Government, after successful completion of the 
acceptance test.  Any component failing to perform its function as 
specified and documented shall be repaired or replaced by the contractor at 
no additional cost to the Government.  Items repaired or replaced shall be 
warranted for an additional period of at least one year from the date that 
it becomes functional again, as specified in the FAR CLAUSE 52.246-21.

1.8   MAINTENANCE

1.8.1   Spare Parts

Manufacturers provide spare parts in accordance with recommended spare 
parts list.

1.8.2   Maintenance Support

During the warranty period, the Contractor shall provide on-site, on-call 
maintenance services by Contractor's personnel on the following basis:  The 
service shall be on a per-call basis with 36 hour response.  Contractor 
shall support the maintenanc e of all hardware and software of the system.  
Various personnel of different expertise shall be sent on-site depending on 
the nature of the maintenance service required.  Costs shall include 
travel, local transportation, living expenses, and labor rates of the 
service personnel while responding to the service request.  The provisions 
of this Section are not in lieu of, nor relieve the Contractor of, warranty 
responsibilities covered in this specification.  Should the result of the 
service request be the uncovering of a system defect covered under the 
warranty provisions, all costs for the call, including the labor necessary 
to identify the defect, shall be borne by the Contractor.

PART 2   PRODUCTS

2.1   VARIABLE FREQUENCY DRIVES (VFD)

Provide frequency drive to control the speed of induction motor(s).  The 
VFD shall include the following minimum functions, features and ratings.

a.  Input circuit breaker per UL 489 with a minimum of 10,000 amps 

SECTION 16261  Page 7



Air Traffic Control Tower, Offutt AFB, NE OF33

symmetrical interrupting capacity and door interlocked external 
operator.

b.  A converter stage per UL 508C shall change fixed voltage, fixed 
frequency, ac line power to a fixed dc voltage. The converter 
shall utilize a full wave bridge design incorporating diode 
rectifiers. Silicon Controlled Rectifiers (SCR) are not 
acceptable.  The converter shall be insensitive to three phase 
rotation of the ac line and shall not cause displacement power 
factor of less than .95 lagging under any speed and load condition.

c.  An inverter stage shall change fixed dc voltage to variable 
frequency, variable voltage, ac for application to a standard NEMA 
design B squirrel cage motor.  The inverter shall be switched in a 
manner to produce a sine coded pulse width modulated (PWM) output 
waveform.

d.  The VFD shall be capable of supplying 120 percent of rated full 
load current for one minute at maximum ambient temperature.

e.  The VFD shall be designed to operate from a 480 volt, + or - 10 
percent, three phase, 60 Hz supply, and control motors with a 
corresponding voltage rating.

f.  Acceleration and deceleration time shall be independently 
adjustable from one second to 60 seconds.

g.  Adjustable full-time current limiting shall limit the current to a 
preset value which shall not exceed 120 percent of the controller 
rated current.  The current limiting action shall maintain the 
V/Hz ratio constant so that variable torque can be maintained.  
Short time starting override shall allow starting current to reach 
175 percent of controller rated current to maximum starting torque.

h.  The controllers shall be capable of producing an output frequency 
over the range of 3 Hz to 60 Hz (20 to one speed range), without 
low speed cogging.  Over frequency protection shall be included 
such that a failure in the controller electronic circuitry shall 
not cause frequency to exceed 110 percent of the maximum 
controller output frequency selected.

i.  Minimum and maximum output frequency shall be adjustable over the 
following ranges:  1) Minimum frequency 3 Hz to 50 percent of 
maximum selected frequency; 2) Maximum frequency 40 Hz to 60 Hz.

j.  The controller efficiency at any speed shall not be less than 96 
percent.

k.  The controllers shall be capable of being restarted into a motor 
coasting in the forward direction without tripping.

l.  Protection of power semiconductor components shall be accomplished 
without the use of fast acting semiconductor output fuses.  
Subjecting the controllers to any of the following conditions 
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shall not result in component failure or the need for fuse 
replacment:

1.  Short circuit at controller output

2.  Ground fault at controller output

3.  Open circuit at controller output

4.  Input undervoltage

5.  Input overvoltage

6.  Loss of input phase

7.  AC line switching transients

8.  Instantaneous overload

9.  Sustained overload exceeding 115 percent of controller rated 
current

10.  Over temperature

11.  Phase reversal 
m.  Solid state motor overload protection shall be included such that 

current exceeding an adjustable threshold shall activate a 60 
second timing circuit.  Should current remain above the threshold 
continuously for the timing period, the controller will 
automatically shut down.

n.  A slip compensation circuit shall be included which will sense 
changing motor load conditions and adjust output frequency to 
provide speed regulation of NEMA B motors to within + / - 0.5 
percent of maximum speed without the necessity of a tachometer 
generator.

o.  The VFD shall be factory set for manual restart after the first 
protective circuit trip for malfunction (overcurrent,undervoltage, 
overvoltage or overtemperature) or an interruption of power.  The 
VFD shall be capable of being set for automatic restart after a 
selected time delay. If the drive faults again within a specified 
time period (adjustable 0-60 seconds), a manual restart will be 
required.

p.  The VFD shall include external fault reset capability.  All the 
necessary logic to accept an external fault reset contact shall be 
included.

q.  Provide critical speed lockout circuitry to prevent operating at 
frequencies with critical harmonics that cause resonant 
vibrations. The VFD shall have a minimum of three user selectable 
bandwidths.
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r.  Provide the following operator control and monitoring devices 
mounted on the front panel of the VFD:

1.  Manual speed potentiometer.

2.  Hand-Off-Auto ( HOA ) switch.

3.  Power on light.

4.  Drive run power light.

5.  Local display.

s.  Provide properly sized NEMA rated by-pass and isolation contactors 
to enable operation of motor in the event of VFD failure. 
Mechanical and electrical interlocks shall be installed between 
the by-pass and isolation contactors.  Provide a selector switch 
and transfer delay timer.

2.2   ENCLOSURES

Provide equipment enclosures conforming to NEMA 250, NEMA ICS 7, NEMA ICS 6.

2.3   WIRES AND CABLES

All wires and cables shall conform to NEMA 250, NEMA ICS 7, NFPA 70.

2.4   NAMEPLATES

Nameplates external to NEMA enclosures shall conform with the requirements 
of Section 16050N BASIC ELECTRICAL MATERIALS AND METHODS.  Nameplates 
internal to enclosures shall be manufacturer's standard, with the exception 
that they must be permanent.

2.5   SOURCE QUALITY CONTROL

2.5.1   VFD Factory Test Plan

To ensure quality, each VFD shall be subject to a series of in-plant 
quality control inspections before approval for shipment from the 
manufacturer's facilities.  Provide test plans and test reports.

PART 3   EXECUTION

3.1   INSTALLATION

Per NEMA ICS 3.1, install equipment in accordance with the approved 
manufacturer's printed installation drawings, instructions,  wiring 
diagrams, and as indicated on project drawings and the approved shop 
drawings.  A field representative of the drive manufacturer shall supervise 
the installation of all equipment, and wiring.

3.2   FIELD QUALITY CONTROL

SECTION 16261  Page 10



Air Traffic Control Tower, Offutt AFB, NE OF33

Specified products shall be tested as a system for conformance to 
specification requirements prior to scheduling the acceptance tests.  
Contractor shall conduct performance verification tests in the presence of 
Government representative, observing and documenting complete compliance of 
the system to the specifications.  Contractor shall submit a signed copy of 
the test results, certifying proper system operation before scheduling 
tests.

3.2.1   VFD Test

A proposed test plan shall be submitted to the contracting officer at least 
28 calendar days prior to proposed testing for approval.  The tests shall 
conform to NEMA ICS 1, NEMA ICS 7, and all manufacturer's safety 
regulations.  The Government reserves the right to witness all tests and 
review any documentation.  The  contractor shall inform the Government at 
least 14 working days prior to the dates of testing.  Contractor shall 
provide video tapes, if available, of all training provided to the 
Government for subsequent use in training new personnel.  All training 
aids, texts, and expendable support material for a self-sufficient 
presentation shall be provided, the amount of which to be determined by the 
contracting officer.

3.2.2   Performance Verification Tests

"Performance Verification Test" plan shall provide the step by step 
procedure required to establish formal verification of the performance of 
the VFD.  Compliance with the specification requirements shall be verified 
by inspections, review of critical data, demonstrations, and tests.  The 
Government reserves the right to witness all tests, review data, and 
request other such additional inspections and repeat tests as necessary to 
ensure that the system and provided services conform to the stated 
requirements.  The contractor shall inform the Government 14 calendar days 
prior to the date the test is to be conducted.

3.2.3   Endurance Test

Immediately upon completion of the performance verification test, the 
endurance test shall commence.  The system shall be operated at varying 
rates for not less than 192 consecutive hours, at an average effectiveness 
level of .9998, to demonstrate proper functioning of the complete PCS.  
Continue the test on a day-to-day basis until performance standard is met.  
During the endurance test, the contractor shall not be allowed in the 
building.  The system shall respond as designed.

3.3   DEMONSTRATION

3.3.1   Training

Coordinate training requirements with the Contracting Officer.

3.3.1.1   Instructions to Government Personnel

Provide the services of competent instructors who will give full 
instruction to designated personnel in operation, maintenance, calibration, 
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configuration, and programming of the complete control system.  Orient the 
training specifically to the system installed.  Instructors shall be 
thoroughly familiar with the subject matter they are to teach.  The 
Government personnel designated to attend the training will have a high 
school education or equivalent.  The number of training days of instruction 
furnished shall be as specified.  A training day is defined as eight hours 
of instruction, including two 15-minute breaks and excluding lunch time; 
Monday through Friday.  Provide a training manual for each student at each 
training phase which describes in detail the material included in each 
training program.  Provide one additional copy for archiving.  Provide 
equipment and materials required for classroom training.  Provide a list of 
additional related courses, and offers, noting any courses recommended.  
List each training course individually by name, including duration, 
approximate cost per person, and location of course.  Unused copies of 
training manuals shall be turned over to the Government at the end of last 
training session.

3.3.1.2   Operating Personnel Training Program

Provide one 2 hour training session at the site at a time and place 
mutually agreeable between the Contractor and the Government.  Provide 
session to train 4 operation personnel in the functional operations of the 
system and the procedures that personnel will follow in system operation.  
This training shall include:

a.  System overview

b.  General theory of operation

c.  System operation

d.  Alarm formats

e.  Failure recovery procedures

f.  Troubleshooting

3.3.1.3   Engineering/Maintenance Personnel Training

Accomplish the training program as specified.  Training shall be conducted 
on site at a location designated by the Government.  Provide a one day 
training session to train 4 engineering personnel in the functional 
operations of the system.  This training shall include:

a.  System overview

b.  General theory of operation

c.  System operation

d.  System configuration

e.  Alarm formats
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f.  Failure recovery procedures

g.  Troubleshooting and repair

h.  Maintenance and calibration

i.  System programming and configuration

       -- End of Section --
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SECTION 16263A

DIESEL-GENERATOR SET STATIONARY 100-2500 KW, WITH AUXILIARIES
12/04

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI C12.11 (1987) Instrument Transformers for Revenue 
Metering, 10 kV BIL through 350 kV BIL 
(0.6 kV NSV through 69 kV NSV)

ASME INTERNATIONAL (ASME)

ASME B16.11 (2002) Forged Fittings, Socket-Welding and 
Threaded

ASME B16.3 (1998) Malleable Iron Threaded Fittings

ASME B16.5 (2003) Pipe Flanges and Flanged Fittings

ASME B31.1 (2004) Power Piping

ASME BPVC SEC IX (2001) Boiler and Pressure Vessel Code; 
Section IX, Welding and Brazing 
Qualifications

ASTM INTERNATIONAL (ASTM)

ASTM A 106 (2002a) Seamless Carbon Steel Pipe for 
High-Temperature Service

ASTM A 181/A 181M (2001) Carbon Steel Forgings, for 
General-Purpose Piping

ASTM A 234/A 234M (2004) Piping Fittings of Wrought Carbon 
Steel and Alloy Steel for Moderate and 
High Temperature Service

ASTM A 53/A 53M (2004a) Pipe, Steel, Black and Hot-Dipped, 
Zinc-Coated, Welded and Seamless

ASTM D 975 (2004be1) Diesel Fuel Oils
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ELECTRICAL GENERATING SYSTEMS ASSOCIATION (EGSA)

EGSA 101P (1995) Engine Driven Generator Sets

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (2002) National Electrical Safety Code

IEEE C57.13 (1993) Requirements for Instrument 
Transformers

IEEE C57.13.1 (1981) Guide for Field Testing of Relaying 
Current Transformers

IEEE Std 1 (2000) General Principles for Temperature 
Limits in the Rating of Electric Equipment 
and for the Evaluation of Electrical 
Insulation

IEEE Std 100 (2000) IEEE Standard Dictionary of 
Electrical and Electronics Terms

IEEE Std 115 (1995; R 2002) Test Procedures for 
Synchronous Machines:  Part I: Acceptance 
and Performance Testing; Part II: Test 
Procedures and Parameter Determination for 
Dynamic Analysis

IEEE Std 120 (1989) Master Test Guide for Electrical 
Measurements in Power Circuits

IEEE Std 43 (2000) Testing Insulation Resistance of 
Rotating Machinery

IEEE Std 519 (1992) Recommended Practices and 
Requirements for Harmonic Control in 
Electrical Power Systems

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS)

MSS SP-58 (2002) Pipe Hangers and Supports - 
Materials, Design and Manufacture

MSS SP-69 (2002) Pipe Hangers and Supports - 
Selection and Application

MSS SP-80 (2003) Bronze Gate, Globe, Angle and Check 
Valves

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA ICS 2 (2000) Industrial Controls and Systems: 
Controllers, Contactors, and Overload 
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Relays Rated Not More than 2000 Volts AC 
or 750 Volts DC

NEMA ICS 6 (1993; R 2001) Industrial Control and 
Systems: Enclosures

NEMA MG 1 (2003) Motors and Generators

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 110 (2002) Emergency and Standby Power Systems

NFPA 30 (2003) Flammable and Combustible Liquids 
Code

NFPA 37 (2002) Installation and Use of Stationary 
Combustion Engines and Gas Turbines

NFPA 70 (2005) National Electrical Code

NFPA 99 (2002) Health Care Facilities

SOCIETY OF AUTOMOTIVE ENGINEERS INTERNATIONAL (SAE)

SAE J537 (2000) Storage Batteries

UNDERWRITERS LABORATORIES (UL)

UL 1236 (2002) Battery Chargers for Charging 
Engine-Starter Batteries

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Detailed Drawings; G-AO

  Detailed drawings, as specified.

Acceptance; G-AO

  Drawings which accurately depict the as-built configuration of 
the installation, upon acceptance of the diesel-generator set 
installation.  Layout drawings shall be revised to reflect the 
as-built conditions and shall be submitted with the as-built 
drawings.
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SD-03 Product Data

Performance Criteria

  Calculations of the engine and generator output power 
capability, including efficiency and parasitic load data.

Sound Limitations; G-AO

  Sound power level data for the packaged unit operating at 100% 
load in a free field environment.  The data should demonstrate 
compliance with the sound limitation requirements of this 
specification.

Harmonic Requirements
Engine-Generator Parameter Schedule

  Description of the generator features which mitigate the effects 
of the non-linear loads listed.

Day Tank

  Calculations for the capacity of each day tank, including 
allowances for recirculated fuel, usable tank capacity, and 
duration of fuel supply.

Power Factor

  The generator capability curve showing generator kVA output 
capability (kW vs. kvar) for both leading and lagging power 
factors ranging from 0 to 1.0.

Heat Exchanger

  Manufacturers data to quantify heat rejected to the space with 
the engine generator set at rated capacity.

Cooling System

  A letter which certifies that the engine-generator set and 
cooling system function properly in the ambient temperature 
specified, stating the following values:

  a.  The maximum allowable inlet temperature of the coolant fluid.

  b.  The minimum allowable inlet temperature of the coolant fluid.

  c.  The maximum allowable temperature rise in the coolant fluid 
through the engine.

Time-Delay on Alarms

  The magnitude of monitored values which define alarm or action 
set points, and the tolerance (plus and/or minus) at which the 
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devices activate the alarm or action for items contained within 
the alarm panels.

Generator

  Manufacturer's standard data for each generator (prototype data 
at the specified rating or above is acceptable), listing the 
following information:

a.  Direct-Axis subtransient reactance (per unit).

b.  The generator kW rating and short circuit current capacity 
(both symmetric and asymmetric).

Manufacturer's Catalog

  Manufacturer's standard catalog data describing and depicting 
each engine-generator set and all ancillary equipment in 
sufficient detail to demonstrate complete specification compliance.

Site Welding

  A copy of qualifying procedures and a list of names and 
identification symbols of qualified welders and welding operators. 
 A letter listing the welder qualifying procedures for each 
welder, complete with supporting data such as test procedures 
used, what was tested to, and a list of the names of all welders 
and their identification symbols.

Spare Parts

  List of spare parts, as specified.

Onsite Training

  A letter giving the date proposed for conducting the onsite 
training course, the agenda of instruction, a description of the 
video taping service to be provided, and the kind and quality of 
the tape to be left with the Contracting Officer at the end of the 
instructional period.

Battery Charger

  Battery charger sizing calculations.

Vibration-Isolation

  Vibration isolation system performance data for the range of 
frequencies generated by the engine-generator set during operation 
from no load to full load and the maximum vibration transmitted to 
the floor.  Description of seismic qualification of the 
engine-generator mounting, base, and vibration isolation.

Posted Data and Instructions; G-AO
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  Posted data including wiring and control diagrams showing the 
key mechanical and electrical control elements, and a complete 
layout of the entire system.

Instructions; G-AO

  Instructions including:  the manufacturers pre-start checklist 
and precautions; startup procedures for test-mode, manual-start 
mode, and automatic-start mode (as applicable); running checks, 
procedures, and precautions; and shutdown procedures, checks, and 
precautions.  Instructions shall include procedures for 
interrelated equipment (such as automatic transfer switches).  
Instructions shall be weatherproof, laminated in plastic, and 
posted where directed.

Experience

  Statement showing that each component manufacturer has a minimum 
of 3 years experience in the manufacture, assembly and sale of 
components used with stationary diesel engine-generator sets for 
commercial and industrial use.  The engine-generator set 
manufacturer/assembler has a minimum of 3 years experience in the 
manufacture, assembly and sale of stationary diesel 
engine-generator sets for commercial and industrial use.

Field Engineer

  A letter listing the qualifications, schools, formal training, 
and experience of the field engineer.

General Installation

  A copy of the manufacturer's installation procedures and a 
detailed description of the manufacturer's recommended break-in 
procedure.

SD-06 Test Reports

Factory Inspection and Tests

  Six complete reproducible copies of the factory inspection 
result on the checklist format specified in paragraph FACTORY 
INSPECTION AND TESTS.

Factory Tests

  a.  A letter giving notice of the proposed dates of factory 
inspections and tests at least 14 days prior to beginning tests.

  b.  A detailed description of the manufacturer's procedures for 
factory tests at least 14 days prior to beginning tests.

  c.  Six copies of the Factory Test data described below in 8-1/2 
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x 11 inch binders having a minimum of 3 rings from which material 
may readily be removed and replaced, including a separate section 
for each test.  Sections shall be separated by heavy plastic 
dividers with tabs.  Data plots shall be full size (8-1/2 x 11 inch
 minimum), showing grid lines, with full resolution.

    (1)  A detailed description of the procedures for factory 
tests.

    (2)  A list of equipment used, with calibration certifications.

    (3)  A copy of measurements taken, with required plots and 
graphs.

    (4)  The date of testing.

    (5)  A list of the parameters verified.

    (6)  The condition specified for the parameter.

    (7)  The test results, signed and dated.

    (8)  A description of adjustments made.

Onsite Inspection and Tests; G-AO

  a.  A letter giving notice of the proposed dates of onsite 
inspections and tests at least 14 days prior to beginning tests.

  b.  A detailed description of the Contractor's procedures for 
onsite tests including the test plan and a listing of equipment 
necessary to perform the tests.  Submission shall be at least 21 
days prior to beginning tests.

  c.  Six copies of the onsite test data described below in 8-1/2 
x 11 inch binders having a minimum of 3 rings from which material 
may readily be removed and replaced, including a separate section 
for each test.  Sections shall be separated by heavy plastic 
dividers with tabs.  Data plots shall be full size (8-1/2 x 11 inch
minimum), showing grid lines, with full resolution.

    (1)  A detailed description of the procedures for onsite tests.

    (2)  A list of equipment used, with calibration certifications.

    (3)  A copy of measurements taken, with required plots and 
graphs.

    (4)  The date of testing.

    (5)  A list of the parameters verified.

    (6)  The condition specified for the parameter.
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    (7)  The test results, signed and dated.

    (8)  A description of adjustments made.

SD-07 Certificates

Vibration Isolation

  Torsional analysis including prototype testing or and 
calculations which certify and demonstrate that no damaging or 
dangerous torsional vibrations will occur when the prime mover is 
connected to the generator, at synchronous speeds, + 10%.

Prototype Test

  Manufacturer's standard certification that prototype tests were 
performed for the generator model proposed.

Reliability and Durability

  A reliability and durability certification letter from the 
manufacturer and assembler to prove that existing facilities are 
and have been successfully utilizing the same components proposed 
to meet this specification, in similar service.  Certification may 
be based on components, i.e. engines used with different models of 
generators and generators used with different engines, and does 
not exclude annual technological improvements made by a 
manufacturer in the basic standard-model component on which 
experience was obtained, provided parts interchangeability has not 
been substantially affected and the current standard model meets 
the performance requirements specified.  Provide a list with the 
name of the installations, completion dates, and name and 
telephone number of a point of contact.

Emissions

  A certification from the engine manufacturer stating that the 
engine exhaust emissions meet the federal, state, and local 
regulations and restrictions specified.  At a minimum this 
certification shall include emission factors for criteria 
pollutants including nitrogen oxides, carbon monoxide, particulate 
matter, sulfur dioxide, non-methane hydrocarbon, and for hazardous 
air pollutants (HPAs).

Sound Limitations

  A certification from the manufacturer stating that the sound 
emissions meet the specification.

Site Visit

  A letter stating the date the site was visited and listing 
discrepancies found.
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Current Balance

  A certification stating that the flywheel has been statically 
and dynamically balanced and is capable of being rotated at 125% 
of rated speed without vibration or damage.

Materials and Equipment

  A certification stating that where materials or equipment are 
specified to comply with requirements of UL, written proof of such 
compliance has been obtained.  The label or listing of the 
specified agency, or a written certificate from an approved, 
nationally recognized testing organization equipped to perform 
such services, stating that the items have been tested and conform 
to the requirements and testing methods of the specified agency 
are acceptable as proof.

Inspections

  A letter certifying that all facilities are complete and 
functional; that each system is fully functional; and that each 
item of equipment is complete, free from damage, adjusted, and 
ready for beneficial use.

Cooling System

  Certification that the engine-generator set and cooling system 
function properly in the ambient temperatures specified.

SD-10 Operation and Maintenance Data

Operation and Maintenance Manuals; G-AO

  Six copies of the operation manual (approved prior to commencing 
onsite tests) in 8-1/2 x 11 inch binders, having a minimum of 3 
rings from which material may readily be removed and replaced, 
including a separate section for each system or subsystem.  
Sections shall be separated by heavy plastic dividers with tabs 
which identify the material in the section.  Drawings shall be 
folded blue lines, with the title block visible, and placed in 
8-1/2 x 11 inch plastic pockets with reinforced holes.  One full 
size reproducible mylar of each drawing shall accompany the 
booklets.  Mylars shall be rolled and placed in a heavy cardboard 
tube with threaded caps on each end.  The manual shall include:  
step-by-step procedures for system startup, operation, and 
shutdown; drawings, diagrams, and single-line schematics to 
illustrate and define the electrical, mechanical, and hydraulic 
systems together with their controls, alarms, and safety systems; 
the manufacturer's name, model number, and a description of 
equipment in the system.  The instructions shall include 
procedures for interface and interaction with related systems to 
include automatic transfer switches, fire alarm/suppression systems, 
and uninterruptible power supplies .  Each booklet shall include a 
CDROM containing an ASCII file of the procedures.
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Maintenance Procedures; G-AO

  Six copies of the maintenance manual containing the information 
described below in 8-1/2 x 11 inch binders having a minimum of 
three rings from which material may readily be removed and 
replaced, including a separate section for each item listed.  Each 
section shall be separated by a heavy plastic divider with tabs.  
Drawings shall be folded, with the title block visible, and placed 
in plastic pockets with reinforced holes.

  a.  Procedures for each routine maintenance item.

      Procedures for troubleshooting.

      Factory-service, take-down overhaul, and repair service 
manuals, with parts lists.

  b.  A copy of the posted instructions.

  c.  A component list which includes the manufacturer's name, 
address, type or style, model or serial number, rating, and 
catalog number for the major components specified for nameplates.

  Six complete reproducible copies of the final relay and 
protective device settings.  The settings shall be recorded with 
the name of the company and individual responsible for their 
accuracy.

Special Tools

  Two complete sets of special tools required for maintenance 
(except for electronic governor handset).  Special tools are those 
that only the manufacturer provides, for special purposes, or to 
reach otherwise inaccessible parts.  The tools shall be supplied 
complete with a suitable tool box.  One handset shall be provided 
for each electronic governor when required to indicate and/or 
change governor response settings.

Filters

  Two complete sets of filters, required for maintenance, shall be 
supplied in a suitable storage box.  These filters shall be in 
addition to filters replaced after testing.

1.3   SYSTEM DESCRIPTION

Each engine-generator set shall be provided and installed complete and 
totally functional, with all necessary ancillary equipment to include:  air 
filtration; starting system; generator controls, protection, and isolation; 
instrumentation; lubrication; fuel system; day tank; cooling system; 
weatherproof walk-in enclosure; and engine exhaust system.  E
ngine-generator set shall satisfy the requirements specified in the 
Engine-Generator Parameter Schedule.
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1.3.1   Engine-Generator Parameter Schedule

ENGINE-GENERATOR PARAMETER SCHEDULE

Power Rating                             Emergency Standby

Overload Capacity                        110% of Service Load for
(Prime applications only)                1 hour in 12 consecutive hours

Service Load                             625 kVA (maximum)
                                         500 kW (continuous

Motor Starting kVA (Max.)                2208 kVA

Power Factor                             0.8 lagging

Engine-Generator Application             stand-alone

Maximum Speed                            1800 rpm

Heat Exchanger Type                      fin-tube (radiator)

Governor Type                            Isochronous

Frequency Bandwidth                     + 0.4 %
(steady state)

Voltage Regulation                       + 2% (maximum)
(No Load to Full Load)
(Stand alone applications)

Voltage Bandwidth                        + 0.5 %
(steady state)

Frequency                                60 Hz

Voltage                                  480/277 volts

Phases                                   3 Phase, Wye

Nonlinear Loads                          50 kVA

Max Step Load Increase                   50 % of
                                         Service Load at 0.8 PF

Maximum Voltage Deviation with           10 % of rated
Step Load Increase                       voltage

Maximum Frequency Deviation              2.5 % of rated
with Step Load Increase                  frequency

Max Step Load Decrease                   100 % of Service Load at
(without shutdown)                       0.8 PF
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ENGINE-GENERATOR PARAMETER SCHEDULE

Max Time to Start and be Ready to        10 seconds
Assume Load

Max Summer Outdoor Temp                  115 degrees
(Ambient)

Min Winter Outdoor Temp                  -20 degrees
(Ambient)

Installation Elevation                   750 feet above sea level

1.3.2   Rated Output Capacity

Engine-generator-set shall provide power equal to the sum of Service Load 
plus the machine's efficiency loss and associated ancillary equipment 
loads.  Rated output capacity shall also consider engine and/or generator 
oversizing required to meet requirements in paragraph Engine-Generator 
Parameter Schedule.

1.3.3   Power Ratings

Power ratings shall be in accordance with EGSA 101P.

1.3.4   Transient Response

The engine-generator set governor and voltage regulator shall cause the 
engine-generator set to respond to the maximum step load changes such that 
output voltage and frequency recover to and stabilize within the 
operational bandwidth within the transient recovery time.  The 
engine-generator set shall respond to maximum step load changes such that 
the maximum voltage and frequency deviations from bandwidth are not 
exceeded.

1.3.5   Reliability and Durability

 Each standby engine-generator set shall have both an engine and a 
generator capable of delivering the specified power on a standby basis with 
an anticipated mean time between overhauls of no less than 5,000 hours 
operating with a load factor of 70%.  Two like engines and two like 
generators shall be cited that have performed satisfactorily in a 
stationary power plant, independent and separate from the physical location 
of the manufacturer's and assembler's facilities, for standby without any 
failure to start, including all periodic exercise.  Each like engine and 
generator shall have had no failures resulting in downtime for repairs in 
excess of 72 hours during two consecutive years of service.  Like engines 
shall be of the same model, speed, bore, stroke, number and configuration 
of cylinders, and rated output capacity.  Like generators shall be of the 
same model, speed, pitch, cooling, exciter, voltage regulator and rated 
output capacity.

1.4   GENERAL REQUIREMENTS
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1.4.1   Engine-Generator Set

Set shall consist of one engine, one generator, and one exciter mounted, 
assembled, and aligned on one base; and other necessary ancillary equipment 
which may be mounted separately.  Sets having a capacity of 750 kW or 
smaller shall be assembled and attached to the base prior to shipping.  
Each set component shall be environmentally suitable for the location shown 
and shall be the manufacturer's standard product offered in catalogs for 
commercial or industrial use.  Any nonstandard products or components and 
the reason for their use shall be specifically identified in paragraph 
SUBMITTALS.

1.4.2   Nameplates

Each major component of this specification shall have the manufacturer's 
name, type or style, model or serial number and rating on a plate secured 
to the equipment.  As a minimum, nameplates shall be provided for:

Engines                       Relays
Generators                    Transformers (CT & PT)
Regulators                    Day Tanks Generator Breaker
Pumps and pump motors         Governors

Where the following equipment is not provided as a standard component by 
the diesel engine generator set manufacturer, the nameplate information may 
be provided in the maintenance manual in lieu of nameplates.

Battery charger               Heaters
Silencers
Battery                       Exciters

1.4.3   Personnel Safety Devices

Exposed moving parts, parts that produce high operating temperatures, parts 
which may be electrically energized, and parts that may be a hazard to 
operating personnel shall be insulated, fully enclosed, guarded, or fitted 
with other types of safety devices.  The safety devices shall be installed 
so that proper operation of the equipment is not impaired.

1.4.4   Site Visit

Before performing any work, the premises shall be visited and all details 
of the work verified.  The Contracting Officer shall be advised in writing 
of any discrepancies.

1.4.5   Conformance to Codes and Standards

Where equipment is specified to conform to requirements of any code or 
standard such as UL, NEMA, etc., the design, fabrication and installation 
shall also conform to the code.

1.4.6   Site Welding
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Structural members shall be welded in accordance with Section 05120 
STRUCTURAL STEEL.  For all other welding, procedures and welders shall be 
qualified in accordance with ASME BPVC SEC IX.  Welding procedures 
qualified by others, and welders and welding operators qualified by a 
previously qualified employer may be accepted as permitted by ASME B31.1.  
Welder qualification tests shall be performed for each welder whose 
qualifications are not in compliance with the referenced standards.  The 
Contracting Officer shall be notified 24 hours in advance of qualification 
tests.  The qualification tests shall be performed at the work site if 
practical.  The welder or welding operator shall apply his assigned symbol 
near each weld he makes as a permanent record.

1.4.7   Engine-Generator Set Walk-InEnclosure

The engine-generator set walk-in enclosure shall be corrosion resistant and 
fully weather resistant.  The enclosure shall contain all set components 
and provide ventilation to permit operation at Service Load under secured 
conditions.  Doors shall be provided for access to controls and equipment 
requiring periodic maintenance or adjustment.  Provide motored louvers to 
provide ventilation through enclosure during operation and provide weather 
protection during non-operation.The enclosure shall reduce the noise of the 
generator set to within the limits specified in the paragraph SOUND 
LIMITATIONS.

1.4.8   Vibration Limitation

The maximum engine-generator set vibration in the horizontal, vertical, and 
axial directions shall be limited to 6 mils (peak-peak RMS), with an 
overall velocity limit of 0.95 inches/second RMS, for all speeds through 
110% of rated speed.

1.4.9   Vibration Isolation

 The engine-generator set shall be provided with a vibration-isolation 
system in accordance with the manufacturer's standard recommendation.  
Vibration-isolation systems shall be designed and qualified (as an integral 
part of the base and mounting system in accordance with the seismic 
parameters specified.  Where the vibration-isolation system does not secure 
the base to the structure floor or unit foundation, seismic restraints 
shall be provided in accordance with the seismic parameters specified.

1.4.10   Seismic Requirements

Seismic requirements shall be in accordance with Sections 13080 SEISMIC 
PROTECTION FOR MISCELLANEOUS EQUIPMENT, 15070A SEISMIC PROTECTION FOR 
MECHANICAL EQUIPMENT and 16070A SEISMIC PROTECTION FOR ELECTRICAL EQUIPMENT.

1.4.11   Harmonic Requirements

Non-linear loads to be served by engine-generator set are as indicated.  
The maximum linear load demand (kVA @ PF) when non-linear loads will also 
be in use is as indicated.

1.4.12   Starting Time Requirements
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Upon receipt of a signal to start, engine generator set will start, reach 
rated frequency and voltage and be ready to assume load within the time 
specified.  For standby sets used in emergency power applications, engine 
generator set will start, reach rated frequency and voltage, and power will 
be supplied to the load terminals of the automatic transfer switch within 
the starting time specified.

1.4.13   Experience

Each component manufacturer shall have a minimum of 3 years experience in 
the manufacture, assembly and sale of components used with stationary 
diesel engine-generator sets for commercial and industrial use.  The 
engine-generator set manufacturer/assembler shall have a minimum of 3 years 
experience in the manufacture, assembly and sale of stationary diesel 
engine-generator sets for commercial and industrial use.

1.4.14   Field Engineer

The engine-generator set manufacturer or assembler shall furnish a 
qualified field engineer to supervise the complete installation of the 
engine-generator set, assist in the performance of the onsite tests, and 
instruct personnel as to the operational and maintenance features of the 
equipment.  The field engineer shall have attended the engine generator 
manufacturer's training courses on installation and operation and 
maintenance of engine generator sets.

1.4.15   Detailed Drawings

The Contractor shall submit detailed drawings showing the following:

  a.  Base-mounted equipment, complete with base and attachments, 
including anchor bolt template and recommended clearances for 
maintenance and operation.

  b.  Complete starting system.

  c.  Complete fuel system.

  d.  Complete cooling system.

  e.  Complete exhaust system.

  f.  Layout of relays, breakers, programmable controllers, and 
switches including applicable single line and wiring diagrams with 
written description of sequence of operation and the 
instrumentation provided.

  g.  The complete lubrication system, including piping, pumps, 
strainers, filters, heat exchangers for lube oil and turbocharger 
cooling, electric heater, controls and wiring.

  h.  Location, type, and description of vibration isolation 
devices for all applications.
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  i.  The safety system, together with a detailed description of 
how it is to work.  Wiring schematics, safety devices with a 
listing of their normal ranges, alarm and shutdown values (to 
include operation parameters such as pressures, temperatures 
voltages, currents, and speeds) shall be included.

  j.  One-line schematic and wiring diagrams of the generator, 
exciter, regulator, governor, and instrumentation.

  k.  Layout of each panel.

  l.  Mounting and support for each panel and major piece of 
electrical equipment.

  m.  Engine-generator set lifting points and rigging instructions.

1.4.16   Spare Parts

The Contractor shall submit a complete list of spare parts for each piece 
of equipment and a complete list of all material and supplies needed for 
continued operation.  Lists shall include supply source and current prices. 
 Each list shall be separated into two parts, those elements recommended by 
the manufacturer to be replaced after 3 years of service, and the remaining 
elements.

1.5   STORAGE AND INSTALLATION

The Contractor shall properly protect material and equipment, in accordance 
with the manufacturers recommended storage procedures,before, during, and 
after installation.  Stored items shall be protected from the weather and 
contamination.  During installation, piping and similar openings shall be 
capped to keep out dirt and other foreign matter.

PART 2   PRODUCTS

2.1   MATERIALS AND EQUIPMENT

2.1.1   Filter Elements

Fuel-oil, lubricating-oil, and combustion-air filter elements shall be 
manufacturer's standard.

2.1.2   Instrument Transformers

ANSI C12.11.

2.1.3   Revenue Metering

IEEE C57.13.

2.1.4   Pipe (Sleeves, Fuel/Lube-Oil, Compressed Air, Coolant, and Exhaust)

ASTM A 53/A 53M, or ASTM A 106 steel pipe.  Pipe smaller than 2 inches 
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shall be Schedule 80.  Pipe 2 inches and larger shall be Schedule 40.

a.  Flanges and Flanged Fittings:  ASTM A 181/A 181M, Class 60, or 
ASME B16.5, Grade 1, Class 150.

b.  Pipe Welding Fittings:  ASTM A 234/A 234M, Grade WPB or WPC, Class 
150 or ASME B16.11, 3000 lb.

c.  Threaded Fittings:  ASME B16.3, Class 150.

d.  Valves:  MSS SP-80, Class 150.

e.  Gaskets:  Manufacturer's standard.

2.1.5   Pipe Hangers

MSS SP-58 and MSS SP-69.

2.1.6   Electrical Enclosures

NEMA ICS 6.

2.1.7   Electric Motors

Electric motors shall conform to the requirements of NEMA MG 1.  Motors 
shall have sealed ball bearings and a maximum speed of 1800 rpm.  Motors 
used indoors shall have drip-proof frames; those used outside shall be 
totally enclosed.  Alternating current motors larger than 1/2 Hp shall be 
of the squirrel-cage induction type for operation on 208 volts or higher, 60
 Hz, and three-phase power.  Alternating current motors 1/2 Hp or smaller, 
shall be suitable for operation on 120 volts, 60 Hz, and single-phase 
power.  Direct current motors shall be suitable for operation on 125 volts.

2.1.8   Motor Controllers

Motor controllers and starters shall conform to the requirements of NFPA 70 
and NEMA ICS 2.

2.2   ENGINE

Engine shall operate on No. 1 diesel fuel and bio-diesel conforming to ASTM 
D 975, shall be designed for stationary applications and shall be complete 
with ancillaries.  The engine shall be a standard production model 
described in the manufacturer's catalog.  The engine shall be naturally 
aspirated, supercharged, or turbocharged.  The engine shall be 2- or 
4-stroke-cycle and compression-ignition type.  The engine shall be vertical 
in-line, V- or opposed-piston type, with a solid cast block or individually 
cast cylinders.  The engine shall have a minimum of two cylinders. 
Opposed-piston type engines shall have not less than four cylinders.  Each 
block shall have a coolant drain port.  Each engine shall be equipped with 
an overspeed sensor.

2.3   FUEL SYSTEM
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The entire fuel system for the engine-generator set shall conform to the 
requirements of NFPA 30 and NFPA 37 and contain the following elements.

2.3.1   Pumps

2.3.1.1   Main Pump

Each engine shall be provided with an engine driven pump.  The pump shall 
supply fuel at a minimum rate sufficient to provide the amount of fuel 
required to meet the performance indicated within the parameter schedule.  
The fuel flow rate shall be based on meeting the load requirements and all 
necessary recirculation.

2.3.1.2   Auxiliary Fuel Pump

Auxiliary fuel pumps shall be provided to maintain the required engine fuel 
pressure, if either required by the installation or indicated on the 
drawings.  The auxiliary pump shall be driven by a dc electric motor 
powered by the starting/station batteries.  The auxiliary pump shall be 
automatically actuated by a pressure-detecting device.

2.3.2   Fuel Filter

A minimum of two full-flow fuel filters shall be provided for each engine.  
The filter shall be readily accessible and capable of being changed without 
disconnecting the piping or disturbing other components.  The filter shall 
have inlet and outlet connections plainly marked.

2.3.3   Relief/Bypass Valve

A relief/bypass valve shall be provided to regulate pressure in the fuel 
supply line, return excess fuel to a return line and prevent the build-up 
of excessive pressure in the fuel system.

2.3.4   Day Tank

Each engine shall be provided with an integral day tank.  Each day tank 
shall be provided with connections for fuel supply line, fuel return line, 
fuel overflow line, local fuel fill port, gauge, vent line, drain line, and 
float switch assembly for control.  Provide a fuel pump for transferring 
fuel from the main storage tank to the day tank.  Size pump to deliver at 
least 3 times the generator demand.  Provide overflow pump to transfer fuel 
from day tank to main tank when necessary to prevent overflow.  A fuel 
return line cooler shall be provided as recommended by the manufacturer and 
assembler.  The temperature of the fuel returning to the day tank shall be 
below the flash point of the fuel.  A temperature sensing device shall be 
installed in the fuel supply line.    Each engine-generator set provided 
with weatherproof enclosures shall have its day tank mounted within the 
enclosure.  The fuel fill line shall be accessible without opening the 
enclosure.

2.3.4.1   Capacity, Standby

Each day tank shall have capacity to supply fuel to the engine for an 
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uninterrupted 4-hour period at 100% rated load without being refilled, plus 
any fuel which may be returned to the main fuel storage tank.  The 
calculation of the capacity of each day tank shall incorporate the 
requirement to stop the supply of fuel into the day tank at 90% of the 
ultimate volume of the tank.

2.3.4.2   Drain Line

Each day tank drain line shall be accessible and equipped with a shutoff 
valve.  Self-supporting day tanks shall be arranged to allow drainage into 
a 12 inch tall bucket.

2.3.4.3   Local Fuel Fill

Each local fuel fill port on the day tank shall be provided with a screw-on 
cap.

2.3.4.4   Fuel Level Controls

a.  Each day tank shall have a float-switch assembly to perform the 
following functions:

(1)  Start the fuel pump supplying fuel into the day tank when the 
fuel level is at the "Low" level mark, 75% of the rated tank 
capacity.

(2)  Stop the supply of fuel into the day tank and close the 
solenoid valve located on the fuel supply line entering the day 
tank  when the fuel level is at 90% of the rated tank capacity.

(3)  Activate the "Overfill Fuel Level" alarm at 95% of the rated 
tank capacity.

(4)  Activate the "Low Fuel Level" alarm at 70% of the rated tank 
capacity.

(5)  Activate the automatic fuel supply shut-off valve located on 
the fill line of the day tank and shut down the fuel pump which 
supplies fuel to the day tank at 95% of the rated tank capacity.  
The flow of fuel shall be stopped before any fuel can be forced 
into the fuel overflow line.

2.3.4.5   Arrangement

 Self-supporting day tanks shall either be arranged so that the fuel level 
in the day tank remains above the suction port of the engine driven fuel 
pump or be provided with a transfer pump to provide fuel to the engine 
driven pump.  The overflow connection and fuel supply line shall be 
arranged so that the highest possible fuel level is below the fuel 
injectors.  When the main fuel storage tanks are located below the day 
tank, a check valve shall be provided in the fuel supply line entering the 
day tank.  When the main fuel storage tanks are located above the day tank, 
a solenoid valve shall be installed in the fuel supply line entering the 
day tank.  The solenoid valve shall be in addition to the automatic fuel 

SECTION 16263A  Page 23



Air Traffic Control Tower, Offutt AFB, NE OF33

shut off valve.  The fuel supply line from the day tank to the 
manufacturer's standard engine connection shall be welded pipe.

2.3.5   Fuel Supply System

The fuel supply from the main storage of fuel to the day tank shall be as 
specified in Section 13210 ABOVEGROUND FUEL OIL STORAGE TANKS.

2.4   LUBRICATION

Each engine shall have a separate lube-oil system conforming to NFPA 30 and 
NFPA 37.  Each system shall be pressurized by engine-driven pumps.  System 
pressure shall be regulated as recommended by the engine manufacturer.  A 
pressure relief valve shall be provided on the crankcase  for closed 
systems.  The crankcase shall be vented in accordance with the 
manufacturer's recommendation except that it shall not be vented to the 
engine exhaust system.  Crankcase breathers, if provided on engines 
installed in buildings or enclosures, shall be piped to vent to the 
outside.  The system shall be readily accessible for service such as 
draining, refilling, etc.  Each system shall permit addition of oil and 
have oil-level indication with the set operating.  The system shall utilize 
an oil cooler as recommended by the engine manufacturer.

2.4.1   Lube-Oil Filter

One full-flow filter shall be provided for each pump.  The filter shall be 
readily accessible and capable of being changed without disconnecting the 
piping or disturbing other components.  The filter shall have inlet and 
outlet connections plainly marked.

2.4.2   Lube-Oil Sensors

Each engine shall be equipped with lube-oil pressure sensors.  Pressure 
sensors shall be located downstream of the filters and provide signals for 
required indication and alarms.

2.4.3   Precirculation Pump

A motor-driven precirculation pump powered by the station battery, complete 
with motor starter shall be provided if recommended by the engine 
manufacturer.

2.5   COOLING SYSTEM

Each engine shall have its own cooling system.  Each system shall operate 
automatically while its engine is running.  The cooling system coolant 
shall use a combination of water and ethylene-glycol sufficient for freeze 
protection at the minimum winter outdoor temperature specified.  The 
maximum temperature rise of the coolant across each engine shall not exceed 
that recommended and submitted in paragraph SUBMITTALS.

2.5.1   Coolant Pumps

Coolant pumps shall be the centrifugal type.  Each engine shall have an 

SECTION 16263A  Page 24



Air Traffic Control Tower, Offutt AFB, NE OF33

engine-driven primary pump.  Secondary pumps shall be electric motor driven 
and have automatic controllers.  

2.5.2   Heat Exchanger

Each heat exchanger shall be of a size and capacity to limit the maximum 
allowable temperature rise in the coolant across the engine to that 
recommended and submitted in paragraph SUBMITTALS for the maximum summer 
outdoor design temperature and site elevation.  Each heat exchanger shall 
be corrosion resistant, suitable for service in ambient conditions of 
application.

2.5.2.1   Fin-Tube-Type Heat Exchanger (Radiator)

Heat exchanger may be factory coated with corrosive resistant film, 
provided that correction measures are taken to restore the heat rejection 
capability of the radiator to the initial design requirement via over 
sizing, or other compensating methods.  Internal surfaces shall be 
compatible with liquid fluid coolant used.  Materials and coolant are 
subject to approval by the Contracting Officer.  Heat exchangers shall be 
pressure type incorporating a pressure valve, vacuum valve and a cap.  Caps 
shall be designed for pressure relief prior to removal.  Each heat 
exchanger and the entire cooling system shall be capable of withstanding a 
minimum pressure of 7 psi and shall be protected with a strong grille or 
screen guard.  Each heat exchanger shall have at least two tapped holes; 
one tapped hole shall be equipped with a drain cock, the rest shall be 
plugged.

2.5.3   Thermostatic Control Valve

A modulating type, thermostatic control valve shall be provided in the 
coolant system to maintain the coolant temperature range submitted in 
paragraph SUBMITTALS.

2.5.4   Ductwork

Ductwork shall be as specified in Section 15895 AIR SUPPLY, DISTRIBUTION, 
VENTILATION, AND EXHAUST SYSTEM except that a flexible connection shall be 
used to connect the duct to the diesel engine radiator.  Material for the 
connection shall be wire-reinforced glass.  The connection shall be 
rendered as airtight as possible.

2.5.5   Temperature Sensors

Each engine shall be equipped with coolant temperature sensors.  
Temperature sensors shall provide signals for pre-high and high indication 
and alarms.

2.6   SOUND LIMITATIONS

The noise generated by the diesel generator set operating at 100 percent 
load shall not exceed 85 db when measured in a free field at a radial 
distance of 22.9 feet at 45 degrees apart in all directions.
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2.7   AIR INTAKE EQUIPMENT

Filters and silencers shall be provided in locations that are convenient 
for servicing.  The silencer shall be of the high-frequency filter type, 
located in the air intake system as recommended by the engine manufacturer. 
 Silencer shall be capable of reducing the noise level at the air intake so 
that the indicated pressure levels specified in paragraph SOUND LIMITATIONS 
will not be exceeded.  A combined filter-silencer unit meeting requirements 
for the separate filter and silencer items may be provided.  Expansion 
elements in air-intake lines shall be copper .

2.8   EXHAUST SYSTEM

The system shall be separate and complete for each engine.  Piping shall be 
supported to minimize vibration.  Where a V-type engine is provided, a 
V-type connector, with necessary flexible sections and hardware, shall 
connect the engine exhaust outlets.

2.8.1   Flexible Sections and Expansion Joints

A flexible section shall be provided at each engine and an expansion joint 
at each muffler.  Flexible sections and expansion joints shall have flanged 
connections.  Flexible sections shall be made of convoluted seamless tube 
without joints or packing.  Expansion joints shall be the bellows type.  
Expansion and flexible elements shall be stainless steel suitable for 
diesel-engine exhaust gas at the maximum exhaust temperature that is 
specified by the engine manufacturer.  Expansion and flexible elements 
shall be capable of absorbing vibration from the engine and compensation 
for thermal expansion and contraction.

2.8.2   Exhaust Muffler

A chamber type exhaust muffler shall be provided.  The muffler shall be 
constructed of welded steel and designed for inside horizontal mounting.  
Eyebolts, lugs, flanges, or other items shall be provided as necessary for 
support in the location and position indicated.  Pressure drop through the 
muffler shall not exceed the recommendations of the engine manufacturer.  
The muffler and exhaust piping together shall reduce the noise level to 
less than the maximum acceptable level listed for sound limitations in 
paragraph SOUND LIMITATIONS.  The muffler shall have a drain valve, nipple, 
and cap at the low-point of the muffler.

2.8.3   Exhaust Piping

Horizontal sections of exhaust piping shall be sloped downward away from 
the engine to a drip leg for collection of condensate with drain valve and 
cap.  Changes in direction shall be long radius.  Exhaust piping, mufflers 
and silencers installed inside any building shall be insulated in 
accordance with paragraph THERMAL INSULATION and covered to protect 
personnel.  Vertical exhaust piping shall be provided with a hinged, 
gravity-operated, self-closing, rain cover.

2.9   PYROMETER
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A pyrometer, and thermocouple with calibrated leads shall be provided to 
show the temperature of the combined exhaust.  For a supercharged engine, 
additional points, thermocouples and leads shall be provided to show the 
temperature in the turbocharger exhaust gas outlet and combustion air 
discharge passages.  Graduated scale length shall be not less than 6 inches. 
 The selector switch shall be double pole, with an "off" position, one set 
of points for each thermocouple, and suitable indicating dial.  The 
pyrometer, thermocouples, leads and compensating devices shall be 
calibrated to show true exhaust temperature within plus or minus 1% above 
the highest temperature encountered at 110% load conditions.

2.10   EMISSIONS

The finished installation shall comply with Federal, state, and local 
regulations and restrictions regarding the limits of emissions.

2.11   STARTING SYSTEM

The starting system for standby engine generator sets used in emergency 
applications shall be in accordance with NFPA 99 and NFPA 110and as follows.
 

2.11.1   Controls

An engine control switch shall be provided with functions including:  
run/start(manual), off/reset, and, automatic mode.  Start-stop logic shall 
be provided for adjustable cycle cranking and cooldown operation.  The 
logic shall be arranged for manual starting and fully automatic starting in 
accordance with paragraph AUTOMATIC ENGINE-GENERATOR-SET SYSTEM OPERATION.  
Electrical starting systems shall be provided with an adjustable cranking 
limit device to limit cranking periods from 1 second up to the maximum 
duration.

2.11.2   Capacity

The starting system shall be of sufficient capacity, at the maximum outdoor 
summer temperature specified to crank the engine without damage or 
overheating.  The system shall be capable of providing a minimum of three 
cranking periods with 15 second intervals between cranks.  Each cranking 
period shall have a maximum duration of 15 seconds.

2.11.3   Electrical Starting

Manufacturers recommended dc system, utilizing a negative circuit ground.

2.11.3.1   Battery

A starting battery system shall be provided and shall include the battery, 
battery rack, intercell connectors, spacers, automatic battery charger with 
overcurrent protection, metering and relaying.  The battery shall be in 
accordance with SAE J537.  Critical system components (rack, protection, 
etc.) shall be sized to withstand the seismic acceleration forces 
specified.  The battery shall be lead-acid , with sufficient capacity, at 
the minimum outdoor and maximum outdoor temperature specified, to provide 
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the specified cranking periods.  Valve-regulated lead-acid batteries are 
not acceptable.

2.11.3.2   Battery Charger

A current-limiting battery charger, conforming to UL 1236, shall be 
provided and shall automatically recharge the batteries.  The charger shall 
be capable of an equalize-charging rate for recharging fully depleted 
batteries within 24 hours which is manually adjustable in a continuous range
 and a floating charge rate for maintaining the batteries at fully charged 
condition.  An ammeter shall be provided to indicate charging rate.  A 
voltmeter shall be provided to indicate charging voltage.  A timer shall be 
provided for the equalize-charging-rate setting.  A battery is considered 
to be fully depleted when the output voltage falls to a value which will 
not operate the engine generator set and its components.

2.11.4   Starting Aids

The manufacturer shall provide one or more of other following methods to 
assist engine starting.

2.11.4.1   Jacket-Coolant Heaters

A thermostatically controlled electric heater shall be mounted in the 
engine coolant jacketing to automatically maintain the coolant within plus 
or minus 3 degrees F of the control temperature.  The heater shall operate 
independently of engine operation so that starting times are minimized.  
Power for the heaters shall be 208 volts ac.

a.  Standby Rated Sets

The control temperature shall be the temperature recommended by the engine 
manufacturer to meet the starting time specified at the minimum winter 
outdoor temperature.

2.11.4.2   Lubricating-Oil Heaters

A thermostatically controlled electric heater shall be mounted in the 
engine lubricating-oil system to automatically maintain the oil temperature 
within plus or minus 3 degrees F of the control temperature.  The heater 
shall operate independently of engine operation so that starting times are 
minimized.  Power for the heaters shall be 208 volts ac.

2.11.5   Exerciser

The exerciser shall be in accordance with Section 16410A AUTOMATIC TRANSFER 
SWITCH AND BY-PASS/ISOLATION SWITCH.

2.12   GOVERNOR

Each engine shall be provided with a governor which maintains the frequency 
within a bandwidth of the rated frequency, over a steady-state load range 
of zero to 100% of rated output capacity.  The governor shall be configured 
for safe manual adjustment of the speed/frequency during operation of the 
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engine-generator set, without special tools, from 90 to 110% of the rated 
speed/frequency, over a steady state load range of 0 to 100% or rated 
capacity.  Isochronous governors shall maintain the midpoint of the 
frequency bandwidth at the same value for steady-state loads over the range 
of zero to 100% of rated output capacity.  

2.13   GENERATOR

Each generator shall be of the synchronous type, one or two bearing, 
conforming to the performance criteria in NEMA MG 1, equipped with winding 
terminal housings in accordance with NEMA MG 1, equipped with an 
amortisseur winding, and directly connected to the engine.  Insulation 
shall be Class F.  Generator design shall protect against mechanical, 
electrical and thermal damage due to vibration, 25% overspeeds, or voltages 
and temperatures at a rated output capacity of 110% for prime applications 
and 100% for standby applications.  Generator ancillary equipment shall 
meet the short circuit requirements of NEMA MG 1.  Frames shall be the 
drip-proof type.

2.13.1   Current Balance

At 100% rated output capacity, and load impedance equal for each of the 3 
phases, the permissible current difference between any 2 phases shall not 
exceed 2% of the largest current on either of the 2 phases.

2.13.2   Voltage Balance

At any balanced load between 75 and 100% of rated output capacity, the 
difference in line-to-neutral voltage among the 3 phases shall not exceed 
1% of the average line-to-neutral voltage.  For a single-phase load 
condition, consisting of 25% load at unity power factor placed between any 
phase and neutral with no load on the other 2 phases, the maximum 
simultaneous difference in line-to-neutral voltage between the phases shall 
not exceed 3% of rated line to neutral voltage.  The single-phase load 
requirement shall be valid utilizing normal exciter and regulator control.  
The interpretation of the 25% load for single phase load conditions means 
25% of rated current at rated phase voltage and unity power factor.

2.13.3   Waveform

The deviation factor of the line-to-line voltage at zero load and at 
balanced rated output capacity shall not exceed 10%.  The RMS of all 
harmonics shall be less than 5.0% and that of any one harmonic less than 
3.0% of the fundamental at rated output capacity.  Each engine-generator 
shall be designed and configured to meet the total harmonic distortion 
limits of IEEE Std 519.

2.14   EXCITER

The generator exciter shall be of the brushless type.  Semiconductor 
rectifiers shall have a minimum safety factor of 300% for peak inverse 
voltage and forward current ratings for all operating conditions, including 
110% generator output at 104 degrees F ambient.  The exciter and regulator 
in combination shall maintain generator-output voltage within the limits 
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specified.

2.15   VOLTAGE REGULATOR

Each generator shall be provided with a solid-state voltage regulator, 
separate from the exciter.  The regulator shall maintain the voltage within 
a bandwidth of the rated voltage, over a steady-state load range of zero to 
100% of rated output capacity.  Regulator shall be configured for safe 
manual adjustment of the engine-generator voltage output without special 
tools, during operation, from 90 to 110% of the rated voltage over the 
steady state load range of 0 to 100% of rated output capacity.  Regulation 
drift shall not exceed plus or minus 0.5% for an ambient temperature change 
of 68 degrees F.  The voltage regulator shall have a maximum droop of 2% of 
rated voltage over a load range from 0 to 100% of rated output capacity and 
automatically maintain the generator output voltage within the specified 
operational bandwidth.

2.16   GENERATOR ISOLATION AND PROTECTION

Devices necessary for electrical protection and isolation of each 
engine-generator set and its ancillary equipment shall be provided.  The 
generator circuit breaker (IEEE Device 52) ratings shall be consistent with 
the generator rated voltage and frequency, with continuous, short circuit 
withstand, and interrupting current ratings to match the generator 
capacity.  The generator circuit breaker shall be manually operated .  A 
set of surge capacitors, to be mounted at the generator terminals shall be 
provided. Monitoring and control devices shall be as specified in paragraph 
GENERATOR PANEL.

2.17   SAFETY SYSTEM

Devices, wiring, remote panels, local panels, etc. shall be provided and 
installed as a complete system to automatically activate the appropriate 
signals and initiate the appropriate actions.  The safety system shall be 
provided with a self-test method to verify its operability.  Alarm signals 
shall have manual acknowledgment and reset devices.  The alarm signal 
systems shall reactivate for new signals after acknowledgment is given to 
any signal.  The systems shall be configured so that loss of any monitoring 
device shall be dealt with as an alarm on that system element.

2.17.1   Audible Signal

The audible alarm signal shall sound at a frequency of 70 Hz at a volume of 
75 dB at 10 feet.  The sound shall be continuously activated upon alarm and 
silenced upon acknowledgment.  Signal devices shall be located as shown.

2.17.2   Visual Signal

The visual alarm signal shall be a panel light.  The light shall be 
normally off, activated to be blinking upon alarm.  The light shall change 
to continuously lit upon acknowledgement.  If automatic shutdown occurs, 
the display shall maintain activated status to indicate the cause of 
failure and shall not be reset until cause of alarm has been cleared and/or 
restored to normal condition.  Shutdown alarms shall be red; all other 
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alarms shall be amber.

2.17.3   Alarms and Action Logic

2.17.3.1   Shutdown

Simultaneous activation of the audible signal, activation of the visual 
signal, stopping the engine, and opening the generator main circuit 
breakers shall be accomplished.

2.17.3.2   Problem

Activation of the visual signal shall be accomplished.

2.17.4   Local Alarm Panel

A local alarm panel shall be provided with the following shutdown and alarm 
functions in accordance with NFPA 110 level 1 and including the listed 
Corps of Engineer requirements mounted either on or adjacent to the engine 
generator set.

Device/Condition   What/Where/Size  NFPA 99  NFPA 110  NFPA 110  Corps of
     /Function                               Level 1   Level 2   Engrs
                                                                 Required

Shutdowns w/Alarms

High engine    Automatic/jacket/   SD/CP VA  SD/CP VA  SD/CP VA      SD VA
temperature    water/cylinder

Low lube-oil   Automatic/pressure/ SD/CP VA  SD/CP VA  SC/CP VA      SD VA
pressure       level

Overspeed      (110 percent (+ 2   SD/CP VA  SD/CP VA  SD/CP VA      SD VA
Shutdown&       % of rated speed)  
Alarm                

Overcrank,     Automatic/Failure   SD/CP VA  SD/CP VA  SD/CP VA
Failure to     to start
start          when used                     SD/CP VA  SD/CP VA 

Air shutdown   When Used                     SD/CP VA  SD/CP VA
damper
(200-600kW)

Day tank       Automatic/Day                                         SD(Pump)
overfill       Tank/Level                                            CP VA
limit
indication &
transfer pump 
shutdown 
(95 % volume)

Red emergency 
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Device/Condition   What/Where/Size  NFPA 99  NFPA 110  NFPA 110  Corps of
     /Function                               Level 1   Level 2   Engrs
                                                                 Required
stop switch     Manual Switch                SD/CP VA  SD/CP VA      SD VA

Alarms

Day Tank        Automatic/Day                CP VA
Tank Level 
(Low fuel
Limit 
indication)
(70 percent 
volume
remaining)

Low fuel level  Main tank,        VA/AA     CP VA     CP VAO        CP VA
                3 hrs remaining 

Integral Main   95% volume                                          CP VA
Fuel Storage
Tank High
Fuel Level
Low Coolant     jacket water      CP VA     CP VA     CP VA
Temperature

Pre-High 
Temperature     jacket water/     CP VA     CP VA     CP VAO        CP VA
                 cylinder 
Pre-Low                           CP VA                             CP VA
Lube-oil
Pressure

High battery
Voltage                                     CP VA     CP VAO

Low battery
Voltage                                     CP VA     CP VAO

Battery         AC supply not
charger AC      available                   CP VA     CP VAO
Failure

Control switch
not in AUTO                                 CP VA     CP VAO

Low starting
Air pressure                                CP VA     CP VAO

Low starting                                CP VA     CP VAO
hydraulic pressure

SD - Shut Down
CP - On Control Panel
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Device/Condition   What/Where/Size  NFPA 99  NFPA 110  NFPA 110  Corps of
     /Function                               Level 1   Level 2   Engrs
                                                                 Required
VA - Visual Alarm
AA - Audible Alarm
O  - Optional

2.17.5   Time-Delay on Alarms

For startup of the engine-generator set, time-delay devices shall be 
installed bypassing the low lubricating oil pressure alarm during cranking, 
and the coolant-fluid outlet temperature alarm.  The lube-oil time-delay 
device shall return its alarm to normal status after the engine starts.  
The coolant time-delay device shall return its alarm to normal status 5 
minutes after the engine starts.

2.17.6   Remote Alarm Panel

 A remote alarm panel shall be provided in accordance with NFPA 110 and as 
follows.

Device/Condition/Function     What/Where/Size     NFPA 99  NFPA 110  NFPA 110
                                                           Level 1   Level 2

Remote annunciator panel      Battery Powered              Alarms
Loads on genset                                     VA
Battery charger malfunction                         VA
Low lube-oil                  Pressure/level       VA/AA     AA        AAO
Low temperature               Jacket water         VA/AA     AA        AAO
High temperature              Jacket water/        VA/AA     AA        AAO
                               cylinder
Low fuel level                Main tank, 3 hrs     VA/AA     AA        AAO
                               remaining
Overcrank                     Failure to start     VA/AA     AA        AAO
Overspeed                                          VA/AA     AA        AAO
Pre-high temperature          Jacket water/                  AA
                               cylinder
Control switch not in AUTO                                   AA
Common alarm contacts for                                    X          X
  local & remote common
  alarm
Audible alarm silencing                                      X          O
  switch
Air shutdown damper           When used                      AA        AAO
Common fault alarm                                           AA

X  - Required
SD - Shutdown
CP - On Control Panel
VA - Visual Alarm
AA - Audible Alarm
O  - Optional

2.18   ENGINE GENERATOR SET CONTROLS AND INSTRUMENTATION
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Devices, wiring, remote panels, local panels, etc. shall be provided and 
installed as a complete system to automatically activate the appropriate 
signals and initiate the appropriate actions.

2.18.1   Controls

A local control panel shall be provided with controls in accordance with 
NFPA 110 level 1 and as follows mounted either on or adjacent to the engine 
generator set. 

Device/Condition/       Corps                  NFPA 110   NFPA 110   MFG
    Function         Requirement               Level 1    Level 2  Offering

Controls

Switch:  run/start -      CP                                        CP/STD
  off/reset - auto
Emergency stop switch     CP                                        CP/STD
  & alarm
Lamp test/indicator       CP                    CP VA      CP VA    CP/STD
  test
Common alarm contacts/                            X          X       CP/O
  fault relay
Panel lighting            CP                                        CP/STD
Audible alarm &           CP
  silencing/reset
  switch
Voltage adjust for        CP                                        CP/STD
  voltage regulator
Pyrometer display         CP
  w/selector switch
Remote emergency stop                           CP VA      CP VA
  switch
Remote fuel shutoff switch
Remote lube-oil shutoff switch

2.18.2   Engine Generator Set Metering and Status Indication

A local panel shall be provided with devices in accordance with NFPA 110 
level 1 and as follows mounted either on or adjacent to the engine 
generator set.  

Device/Condition/       Corps           NFPA 110   NFPA 110   MFG
    Function         Requirement               Level 1    Level 2  Offering

Genset Status & Metering

Genset supplying load                          CP VA      CP VAO    CP VAO
System ready                                                        CP/STD

Engine oil pressure      CP                                         CP/STD
Engine coolant           CP                                         CP/STD
  temperature
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Device/Condition/       Corps           NFPA 110   NFPA 110   MFG
    Function         Requirement               Level 1    Level 2  Offering
Engine RPM               CP                                         CP/STD
  (tachometer)
Engine run hours         CP                                         CP/STD
Pyrometer display        CP    
  w/selector switch

AC volts (generator),    CP                                         CP/STD
  3-phase
AC amps (generator),     CP                                         CP/STD
  3 - phase
Generator Frequency      CP                                         CP/STD
Phase selector switches  CP                                         CP/STD
  (amps & volts)
Watts/kW                                                            CP/VA-O
Voltage Regulator
  Adjustment            CP

X  - Required

CP - On Control Panel
VA - Visual Alarm
AA - Audible Alarm
STD- Manufacturers Standard Offering
O  - Optional

2.19   PANELS

Each panel shall be of the type and kind necessary to provide specified 
functions.  Panels shall be mounted on the engine-generator set base by 
vibration/shock absorbing type mountings.  Instruments shall be mounted 
flush or semiflush.  Convenient access to the back of panels shall be 
provided to facilitate maintenance.  Instruments shall be calibrated using 
recognized industry calibration standards.  Each panel shall be provided 
with a panel identification plate which clearly identifies the panel 
function.  Each instrument and device on the panel shall be provided with a 
plate which clearly identifies the device and its function as indicated.  
Switch plates shall clearly identify the switch-position function.

2.19.1   Enclosures

Enclosures shall be designed for the application and environment, 
conforming to NEMA ICS 6.  Locking mechanisms are optional. 

2.19.2   Electronic

Electronic indicating instruments shall be true RMS indicating instruments, 
100% solid state, state-of-the-art, microprocessor controlled to provide 
specified functions.  Control, logic, and function devices shall be 
compatible as a system, sealed, dust and water tight, and shall utilize 
modular components with metal housings and digital instrumentation.  An 
interface module shall be provided to decode serial link data from the 
electronic panel and translate alarm, fault and status conditions to set of 
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relay contacts.  Instrument accuracy shall be not less than 98% for unit 
mounted devices throughout a temperature range of minus 4 to 158 degrees F. 
 Data display shall utilize LED or back lit LCD. Additionally, the display 
shall provide indication of cycle programming and diagnostic codes for 
troubleshooting.  Numeral height shall be 0.5 inch .

2.19.3   Parameter Display

Indication or readouts of the tachometer, lubricating-oil pressure, ac 
voltmeter, ac ammeter, frequency meter, and safety system parameters shall 
be provided.  A momentary switch shall be specified for other panels.

2.20   AUTOMATIC ENGINE-GENERATOR-SET SYSTEM OPERATION

Fully automatic operation shall be provided for the following operations:  
engine-generator set starting and load transfer upon loss of normal source; 
retransfer upon restoration of the normal source; and stopping of 
engine-generator set after cool-down.  Devices shall automatically reset 
after termination of their function.

2.20.1   Automatic Transfer Switch

Automatic transfer switches shall be in accordance with Section 16410A
AUTOMATIC TRANSFER SWITCH AND BY-PASS/INSOLATION SWITCH.

2.20.2   Monitoring and Transfer

Devices shall be provided to monitor voltage and frequency for the normal 
power source and each engine-generator set, and control transfer from the 
normal source and retransfer upon restoration of the normal source.  
Functions, actuation, and time delays shall be as described in Section 
16410A AUTOMATIC TRANSFER SWITCH AND BY-PASS/ISOLATION SWITCH.

2.21   MANUAL ENGINE-GENERATOR-SET SYSTEM OPERATION

Complete facilities shall be provided for manual starting and testing of 
set without load, and loading and unloading of set.

2.22   BASE

The base shall be constructed of steel.  The base shall be designed to 
rigidly support the engine-generator set, ensure permanent alignment of 
rotating parts, be arranged to provide easy access to allow changing of 
lube-oil, and ensure that alignment is maintained during shipping and 
normal operation.  The base shall permit skidding in any direction during 
installation and shall withstand and mitigate the affects of synchronous 
vibration of the engine and generator.  The base shall be provided with 
suitable holes for anchor bolts and jacking screws for leveling.

2.23   WALK-IN ENCLOSURE

Vandal-resistant, weatherproof steel housing, wind resistant up to 100 mph. 
 Enclosure shall be walk-in type with side clearances per NEC, UL, OSHA, or 
other applicable requirements, and clear interior height of 7 feet minimum. 
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Prefabricated or preengineered walk-in enclosure with the following 
features:

1. Construction:  Galvanized-steel, metal-clad, integral 
structural-steel-framed building erected on concrete foundation.

2. Structural Design and Anchorage:  Wind resistant up to 100 mph.

3. Space Heater:  Thermostatically controlled and sized to prevent 
condensation

4. Louvers:  Equipped with bird screen and filter arranged to permit 
air circulation when engine is not running while excluding 
exterior dust, birds, and rodents.

5. Hinged Doors:  With padlocking provisions.

6. Ventilation:  Louvers equipped with bird screen and filter arranged 
to permit air circulation while excluding exterior dust, birds, 
and rodents.

7. Thermal Insulation:  Manufacturer's standard materials and 
thickness selected in coordination with space heater to maintain 
winter interior temperature within operating limits required by 
engine-generator-set components.

8. Muffler Location:  Within enclosure

Engine Cooling Airflow through Enclosure:  Maintain temperature rise of 
system components within required limits when unit operates at 110 percent 
of rated load for 2 hours with ambient temperature at top of range 
specified in system service conditions.

1. Louvers:  Fixed-engine cooling-air inlet and discharge.  
Storm-proof and drainable louvers prevent entry of rain and snow.

2. Automatic Dampers:  At engine cooling-air inlet and discharge.  
Dampers shall be closed to reduce enclosure heat loss in cold 
weather when unit is not operating.

Interior Lights with Switch:  Factory-wired, vaporproof-type fixtures 
within housing; arranged to illuminate controls and accessible interior.

Convenience Outlets:  Factory wired.

Integral Panelboard:  Provide to serve all circuits within enclosure 
including lights, convenience outlets, water jacket heater, lube oil 
heater, enclosure heater, battery charger, fuel pumps, etc.

2.24   THERMAL INSULATION

Thermal insulation shall be as specified in Section 15080 THERMAL 
INSULATION FOR MECHANICAL SYSTEMS.

SECTION 16263A  Page 37



Air Traffic Control Tower, Offutt AFB, NE OF33

2.25   PAINTING AND FINISHING

The engine-generator set shall be cleaned, primed and painted in accordance 
with the manufacturer's standard color and practice.  Exterior enclosure 
color shall be as selected by the Contracting Officer.

2.26   FACTORY INSPECTION AND TESTS

The factory tests shall be performed on each engine-generator set.  The 
component manufacturer's production line test is acceptable as noted.  Each 
engine-generator set shall be run not less than 1 hour at rated output 
capacity prior to inspections.  Inspections shall be completed and all 
necessary repairs made, prior to testing.  Engine generator controls and 
protective devices that are provided by the generator set manufacturer as 
part of the standard package shall be used for factory tests.  When 
controls and switchgear are not provided as part of the generator set 
manufacturer's standard package, the actual controls and protective devices 
provided for the project are not required to be used during the factory 
test.  The Contracting Officer may provide one or more representatives to 
witness inspections and tests.

2.26.1   Factory Inspection

Inspections shall be performed prior to beginning and after completion of 
testing of the assembled engine-generator set.  Inspectors shall look for 
leaks, looseness, defects in components, proper assembly, etc. and any item 
found to be in need of correction shall be noted as a necessary repair.  
The following checklist shall be used for the inspection:

   INSPECTION ITEM                            GOOD    BAD     NOTES

    1.  Drive belts
    2.  Governor and adjustments
    3.  Engine timing mark
    4.  Starting motor
    5.  Starting aids
    6.  Coolant type and concentration
    7.  Radiator drains
    8.  Block coolant drains
    9.  Coolant fill level
   10.  All coolant line connections
   11.  All coolant hoses
   12.  Combustion air filter
   13.  Combustion air silencer
   14.  Lube oil type
   15.  Lube oil sump drain
   16.  Lube-oil filter
   17.  Lube-oil-level indicator
   18.  Lube-oil-fill level
   19.  All lube-oil line connections
   20.  All lube-oil lines
   21.  Fuel type and amount
   22.  All fuel-line connections
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   23.  All fuel lines
   24.  Fuel filter
   25.  Coupling and shaft alignment
   26.  Voltage regulators
   27.  Battery-charger connections
   28.  All wiring connections
   29.  Instrumentation
   30.  Hazards to personnel
   31.  Base
   32.  Nameplates
   33.  Paint

2.26.2   Factory Tests

On engine-generator set tests where the engine and generator are required 
to be connected and operated together, the load power factor shall be the 
power factor specified in the engine generator set parameter schedule.  
Electrical measurements shall be performed in accordance with IEEE Std 120. 
 Definitions of terms are in accordance with IEEE Std 100.  Temperature 
limits in the rating of electrical equipment and for the evaluation of 
electrical insulation shall be in accordance with IEEE Std 1.  In the 
following tests where measurements are to be recorded after stabilization 
of an engine-generator set parameter (voltage, frequency, current, 
temperature, etc.), stabilization is considered to have occurred when 
measurements are maintained within the specified bandwidths or tolerances, 
for a minimum of four consecutive readings.  Tests specifically for the 
generator may be performed utilizing any prime mover.

a.  Insulation Resistance for Stator and Exciter Test, IEEE Std 115 
and IEEE Std 43, to the performance criteria in NEMA MG 1, Part 
22.  Generator manufacturer's production line test is acceptable.

b.  High Potential Test, per IEEE Std 115 and NEMA MG 1, test voltage 
in accordance with NEMA MG 1.  Generator manufacturer's production 
line test is acceptable.

c.  Winding Resistance Test, Stator and Exciter, per IEEE Std 115.  
Generator manufacturer's production line test is acceptable.

d.  Overspeed Vibration Test, per IEEE Std 115 to the performance 
criteria in NEMA MG 1.  The test shall be performed at 110% of 
rated speed for 5 minutes.  The vibration shall be measured at the 
end bearings (front and back of engine, outboard end of generator) 
in the horizontal, vertical, and axial directions.  Vibration 
amplitude and speed shall be recorded at one minute intervals.

e.  Phase Balance Voltage Test, to the performance criteria specified 
in paragraph GENERATOR.  This test can be performed with any prime 
mover.  Generator manufacturer's production line test results are 
acceptable.

(1)  Start and operate the generator at no load.

(2)  Adjust a regulated phase voltage (line-to-neutral) to rated 
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voltage.

(3)  Read and record the generator frequency, line-to-neutral 
voltages, and the line-to-line voltages.

(4)  Apply 75% rated load and record the generator frequency, 
line-to-neutral voltages, and the line-to-line voltages.

(5)  Apply rated load and record the generator frequency, 
line-to-neutral voltages, and the line-to-line voltages.

(6)  Calculate average line-neutral voltage and percent deviation 
of individual line-neutral voltages from average for each load 
condition.

f.  Current Balance on Stator Winding Test, by measuring the current 
on each phase of the winding with the generator operating at 100 % 
of Rated Output Capacity, with the load impedance equal for each 
of the three phases:  to the performance criteria specified in 
paragraph GENERATOR.

g.  Voltage Waveform Deviation and Distortion Test per IEEE Std 115 to 
the performance criteria specified in paragraph GENERATOR.  
High-speed recording instruments capable of recording voltage 
waveform deviation and all distortion, including harmonic 
distortion shall be used.  Representation of results shall include 
appropriate scales to provide a means to measure and interpret 
results.

h.  Voltage and Frequency Droop Test.  Verify that the output voltage 
and frequency are within the specified parameters as follows:

(1.)  With the generator operating at no load, adjust voltage and 
frequency to rated voltage and frequency.  Record the generator 
output frequency and line-line and line-neutral voltages.

(2.)  Increase load to Rated Output Capacity.  Record the 
generator output frequency and line-line and line-neutral voltages.

3.  Calculate the percent droop for voltage and frequency with the 
following equations:

                  (No-Load Volts) - (Rated Capacity volts)
Voltage droop % = -------------------------------------------- x 100
                         (Service-Load Volts)

                    (No-Load Hertz) - (Rated Capacity hertz)
Frequency droop % = ------------------------------------------ x 100
                         (Service-Load hertz)

4.  Repeat steps 1 through 3 two additional times without making 
any adjustments.

i.  Frequency and Voltage Stability and Transient Response.  Verify 
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that the engine-generator set responds to addition and dropping of 
blocks of load in accordance with the transient response 
requirements.  Document maximum voltage and frequency variation 
from bandwidth and verify that voltage and frequency return to and 
stabilize within the specified bandwidth, within the specified 
response time period.  Document results in tabular form and with 
high resolution, high speed strip chart recorders or comparable 
digital recorders, as approved by the Contracting Officer.  
Tabular data shall include the following:

Ambient temperature (at 15 minute intervals).

Generator output current (before and after load changes).

Generator output voltage (before and after load changes).

Frequency (before and after load changes).

Generator output power (before and after load changes).

Graphic representations shall include the actual instrument trace 
of voltage and frequency showing:  charts marked at start of test; 
observed steady-state band; mean of observed band; momentary 
overshoot and undershoot (generator terminal voltage and 
frequency) and recovery time for each load change together with 
the voltage and frequency maximum and minimum trace excursions for 
each steady state load condition prior to and immediately 
following each load change.  Generator terminal voltage and 
frequency transient recovery time for each step load increase and 
decrease.

(1.)  Perform and record engine manufacturer's recommended 
prestarting checks and inspections.

(2.)  Start the engine, make and record engine manufacturer's 
after-starting checks and inspections during a reasonable warm-up 
period and no load.  Verify stabilization of voltage and frequency 
within specified bandwidths.

(3.)  With the unit at no load, apply the Maximum Step Load 
Increase.

(4.)  Apply load in steps equal to the Maximum Step Load Increase 
until the addition of one more step increase will exceed the 
Service Load.

(5.)  Decrease load to the unit such that addition of the Maximum 
Step Load Increase will load the unit to 100% of Service Load.

(6.)  Apply the Maximum Step Load Increase.

(7.)  Decrease load to zero percent in steps equal to the Maximum 
Step Load Decrease.
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(8.)  Repeat steps 3. through 7.

j.  Test Voltage Unbalance with Unbalanced Load (Line-to-Neutral) to 
the performance criteria specified in paragraph GENERATOR.  
Prototype test data is acceptable in lieu of the actual test.  
This test may be performed using any prime mover.

(1.)  Start and operate the generator set at rate voltage, no 
load, rated frequency, and under control of the voltage regulator. 
 Read and record the generator frequency, line-to-neutral 
voltages, and the line-to-line voltages.

(2.)  Apply the specified load between terminals L1-L2, L2-L0, and L
3-L0 in turn.  Record all instrument readings at each line-neutral 
condition.

(3.)  Express the greatest difference between any two of the 
line-to-line voltages and any two of the line-to-neutral voltages 
as a percent of rated voltage.

(4.)  Compare the largest differences expressed in percent with 
the maximum allowable difference specified.

PART 3   EXECUTION

3.1   GENERAL INSTALLATION

Installation shall provide clear space for operation and maintenance in 
accordance with NFPA 70 and IEEE C2.  Installation of pipe, duct, conduit, 
and ancillary equipment shall be configured to facilitate easy removal and 
replacement of major components and parts of the engine-generator set.

3.2   PIPING INSTALLATION

Piping shall be welded.  Connections at valves shall be flanged. 
Connections at equipment shall be flanged except that connections to the 
diesel engine may be threaded if the diesel-engine manufacturers standard 
connection is threaded.  Except where otherwise specified, welded flanged 
fittings shall be utilized to allow for complete dismantling and removal of 
each piping system from the facility without disconnecting or removing any 
portion of any other system's equipment or piping.  Connections to 
equipment shall be made with vibration-isolation-type flexible connectors.  
Piping and tubing shall be supported and aligned to prevent stressing of 
flexible hoses and connectors.  Pipes extending through the roof shall be 
properly flashed.  Piping shall be installed clear of windows, doors and 
openings, to permit thermal expansion and contraction without damage to 
joints or hangers, and shall be installed with a 1/2 inch drain valve with 
cap at each low point.

3.2.1   Support

Hangers, inserts, and supports shall be of sufficient size to accommodate 
any insulation and shall conform to MSS SP-58 and MSS SP-69.  Supports 
shall be spaced not more than 7 feet on center for pipes 2 inches in 
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diameter or less, not more than 12 feet on center for pipes larger than 2 
inches but smaller than 4 inches in diameter, and not more than 17 feet on 
center for pipes larger than 4 inches in diameter.  Supports shall be 
provided at pipe bends or change of direction.

3.2.1.1   Ceiling and Roof

Exhaust piping shall be supported with appropriately sized Type 41 single 
pipe roll and threaded rods; all other piping shall be supported with 
appropriately sized Type 1 clevis and threaded rods.

3.2.1.2   Wall

Wall supports for pipe shall be made by suspending the pipe from 
appropriately sized Type 33 brackets with the appropriate ceiling and roof 
pipe supports.

3.2.2   Flanged Joints

Flanges shall be Class 125 type, drilled, and of the proper size and 
configuration to match the equipment and diesel engine connections.  
Flanged joints shall be gasketed and made up square and tight.

3.2.3   Cleaning

After fabrication and before assembly, piping interiors shall be manually 
wiped clean of debris.

3.2.4   Pipe Sleeves

Pipes passing through construction such as ceilings, floors, or walls shall 
be fitted with sleeves.  Each sleeve shall extend through and be securely 
fastened in its respective structure and shall be cut flush with each 
surface.  The structure shall be built tightly to the sleeve.  The inside 
diameter of each sleeve shall be minimum 1/2 inch, and where pipes pass 
through combustible materials 1 inch larger than the outside diameter of 
the passing pipe or pipe insulation/covering.

3.3   ELECTRICAL INSTALLATION

Electrical installation shall comply with NFPA 70, IEEE C2, and Section 
16402 INTERIOR DISTRIBUTION SYSTEM.  For vibration isolation, flexible 
fittings shall be provided for conduit, cable trays, and raceways attached 
to engine-generator sets; metallic conductor cables installed on the engine 
generator set and from the engine generator set to equipment not mounted on 
the engine generator set shall be flexible stranded conductor; and 
terminations of conductors on the engine generator set shall be crimp-type 
terminals or lugs.

3.4   FIELD PAINTING

Field painting shall be as specified in Section 09900 PAINTS AND COATINGS.  
Exterior color of equipment shall be as selected by the Contracting Officer.
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3.5   ONSITE INSPECTION AND TESTS

3.5.1   Test Conditions

3.5.1.1   Data

Measurements shall be made and recorded of all parameters necessary to 
verify that each set meets specified parameters.  If the results of any 
test step are not satisfactory, adjustments, replacements, or repairs shall 
be made and the step repeated until satisfactory results are obtained. 
Unless otherwise indicated, data shall be recorded in 15 minute intervals 
during engine-generator set operation and shall include:  readings of all 
engine-generator set meters and gauges for electrical and power parameters; 
oil pressure; ambient temperature; and engine temperatures available from 
meters and gauges supplied as permanent equipment on the engine-generator 
set.Electrical measurements shall be performed in accordance with IEEE Std 
120.  Definitions of terms are in accordance with IEEE Std 100.  
Temperature limits in the rating of electrical equipment and for the 
evaluation of electrical insulations shall be in accordance with IEEE Std 1.

3.5.1.2   Power Factor

For all engine-generator set operating tests the load power factor shall be 
the power factor specified in the engine-generator set parameter schedule.

3.5.1.3   Contractor Supplied Items

The Contractor shall provide equipment and supplies required for 
inspections and tests including fuel, test instruments, and loadbanks at 
the specified power factors.

3.5.1.4   Instruments

Readings of panel gauges, meters, displays, and instruments provided as 
permanent equipment shall be verified during test runs, using test 
instruments of greater precision and accuracy.  Test instrument accuracy 
shall be within the following:  current plus or minus 1.5%, voltage plus or 
minus 1.5%, real power plus or minus 1.5%, reactive power plus or minus 
1.5%, power factor plus or minus 3%, frequency plus or minus 0.5%.  Test 
instruments shall be calibrated by a recognized standards laboratory within 
30 days prior to testing.

3.5.1.5   Sequence

The sequence of testing shall be as specified in the approved testing plan 
unless variance is authorized by the Contracting Officer.  Field testing 
shall be performed in the presence of the Contracting Officer.  Tests may 
be scheduled and sequenced in order to optimize run-time periods; however, 
the following general order of testing shall be followed:  Construction 
Tests; Inspections; Pre-operational Tests; Safety Run Tests; Performance 
Tests; and Final Inspection.

3.5.2   Construction Tests
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Individual component and equipment functional tests for fuel piping, 
coolant piping, and lubricating-oil piping, electrical circuit continuity, 
insulation resistance, circuit protective devices, and equipment not 
provided by the engine-generator set manufacturer shall be performed prior 
to connection to the engine-generator set.

3.5.2.1   Piping Test

a.  Lube-oil and fuel-oil piping shall be flushed with the same type 
of fluid intended to flow through the piping, until the outflowing 
fluid has no obvious sediment or emulsion.

b.  Fuel piping which is external to the engine-generator set shall be 
tested in accordance with NFPA 30.  All remaining piping which is 
external to the engine-generator set shall be pressure tested with 
air pressure at 150% of the maximum anticipated working pressure, 
but not less than 150 psi, for a period of 2 hours to prove the 
piping has no leaks.  If piping is to be insulated, the test shall 
be performed before the insulation is applied.

3.5.2.2   Electrical Equipment Tests

a.  Low-voltage cable insulation integrity tests shall be performed 
for cables connecting the generator breaker to the distribution 
switchboard.  Low-voltage cable, complete with splices, shall be 
tested for insulation resistance after the cables are installed, 
in their final configuration, ready for connection to the 
equipment, and prior to energization.  The test voltage shall be 
500 volts dc, applied for one minute between each conductor and 
ground and between all possible combinations conductors in the 
same trench, duct, or cable, with all other conductors in the same 
trench, duct, or conduit.  The minimum value of insulation shall 
be:

R in megohms = (rated voltage in kV + 1) x 304,800/(length of 
cable in meters)

R in megohms = (rated voltage in kV + 1) x 1000/(length of cable 
in feet)

Each cable failing this test shall be repaired or replaced.  The 
repair cable shall be retested until failures have been eliminated.

b.  Circuit breakers shall be examined and tested in accordance with 
the manufacturer's published instructions for functional testing.

3.5.3   Inspections

The following inspections shall be performed jointly by the Contracting 
Officer and the Contractor, after complete installation of each 
engine-generator set and its associated equipment, and prior to startup of 
the engine-generator set.  Checks applicable to the installation shall be 
performed.  The results of those which are physical inspections (I) shall 
be documented by the Contractor and submitted in accordance with paragraph 
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SUBMITTALS.  The Contractor shall present manufacturer's data for the 
inspections designated (D) at the time of inspection.  Inspections shall 
verify that equipment type, features, accessibility, installation and 
condition are in accordance with the contract specification.  
Manufacturer's statements shall certify provision of features which cannot 
be verified visually.

1.  Drive belts.                                       (I)
2.  Governor type and features.                        (I)
3.  Engine timing mark.                                (I)
4.  Starting motor.                                    (I)
5.  Starting aids.                                     (I)
6.  Coolant type and concentration.                    (D)
7.  Radiator drains.                                   (I)
8.  Block coolant drains.                              (I)
9.  Coolant fill level.                                (I)
10. Coolant line connections.                          (I)
11. Coolant hoses.                                     (I)
12. Combustion air filter.                             (I)
13. Intake air silencer.                               (I)
14. Lube oil type.                                     (D)
15. Lube oil sump drain.                               (I)
16. Lube-oil filter.                                   (I)
17. Lube-oil level indicator.                          (I)
18. Lube-oil fill level.                               (I)
19. Lube-oil line connections.                         (I)
20. Lube-oil lines.                                    (I)
21. Fuel type.                                         (D)
22. Fuel-level.                                        (I)
23. Fuel-line connections.                             (I)
24. Fuel lines.                                        (I)
25. Fuel filter.                                       (I)
26. Access for maintenance.                            (I)
27. Voltage regulator.                                 (I)
28. Battery-charger connections.                       (I)
29. Wiring & terminations.                             (I)
30. Instrumentation.                                   (I)
31. Hazards to personnel.                              (I)
32. Base.                                              (I)
33. Nameplates.                                        (I)
34. Paint.                                             (I)
35. Exhaust muffler.                                   (I)
36. Access provided to controls.                       (I)
37. Enclosure is weather resistant.                    (I)
38. Engine & generator mounting bolts (application).   (I)

3.5.4   Pre-operational Tests

3.5.4.1   Protective Relays

Protective relays shall be visually and mechanically inspected, adjusted, 
tested, and calibrated in accordance with the manufacturer's published 
instructions.  Tests shall include pick-up, timing, contact action, 
restraint, and other aspects necessary to ensure proper calibration and 
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operation.  Relay settings shall be implemented in accordance with the 
installation coordination study.  Relay contacts shall be manually or 
electrically operated to verify that the proper breakers and alarms 
initiate.  Relaying current transformers shall be field tested in 
accordance with IEEE C57.13.1.

3.5.4.2   Insulation Test

Generator and exciter circuits insulation resistance shall be tested in 
accordance with IEEE Std 43.  Stator readings shall be taken at the circuit 
breaker, to include generator leads to switchboard.  Results of insulation 
resistance tests shall be recorded.  Readings shall be within limits 
specified by the manufacturer.  Mechanical operation, insulation 
resistance, protective relay calibration and operation, and wiring 
continuity of switchboard assembly shall be verified.  Precautions shall be 
taken to preclude damaging generator components during test.

3.5.4.3   Engine-Generator Connection Coupling Test

When the generator provided is a two-bearing machine, the engine-generator 
connection coupling shall be inspected and checked by dial indicator to 
prove that no misalignment has occurred.  The dial indicator shall measure 
variation in radial positioning and axial clearance between the coupling 
halves.  Readings shall be taken at four points, spaced 90 degrees apart. 
Solid couplings and pin-type flexible couplings shall be aligned within a 
total indicator reading of 0.0005 to 0.001 inch for both parallel and 
angular misalignment.  For gear-type or grid-type couplings, 0.002 inch 
will be acceptable.

3.5.5   Safety Run Test

For the following tests, if any parts are changed, or adjustments made to 
the generator set, its controls, or auxiliaries, the associated safety 
tests shall be repeated.

a.  Perform and record engine manufacturer's recommended prestarting 
checks and inspections.

b.  Start the engine, record the starting time, make and record engine 
manufacturer's after-starting checks and inspections during a 
reasonable warm-up period.

c.  Activate the manual emergency stop switch and verify that the 
engine stops.

d.  Remove the high and pre-high lubricating oil temperature sensing 
elements from the engine and temporarily install a temperature 
gauge in their normal locations on the engine (required for 
safety, not for recorded data).  Where necessary provide temporary 
wiring harness to connect the sensing elements to their permanent 
electrical leads.

e.  Start the engine, record the starting time, make and record engine 
manufacturer's after-starting checks and inspections during a 

SECTION 16263A  Page 47



Air Traffic Control Tower, Offutt AFB, NE OF33

reasonable warm-up period.  Operate the engine-generator set at no 
load until the output voltage and frequency stabilize.  Monitor 
the temporarily installed temperature gauges.  If either 
temperature reading exceeds the value required for an alarm 
condition, activate the manual emergency stop switch.

f.  Immerse the elements in a vessel containing controlled-temperature 
hot oil and record the temperature at which the pre-high alarm 
activates and the temperature at which the engine shuts down.  
Remove the temporary temperature gauges and reinstall the 
temperature sensors on the engine.

g.  Remove the high and pre-high coolant temperature sensing elements 
from the engine and temporarily install a temperature gauge in 
their normal locations on the engine (required for safety, not for 
recorded data).  Where necessary provide temporary wiring harness 
to connect the sensing elements to their permanent electrical 
leads.

h.  Start the engine, record the starting time, make and record engine 
manufacturer's after-starting checks and inspections during a 
reasonable warm-up period.  Operate the engine generator-set at no 
load until the output voltage and frequency stabilize.

i.  Immerse the elements in a vessel containing controlled-temperature 
hot oil and record the temperature at which the pre-high alarm 
activates and the temperature at which the engine shuts down.  
Remove the temporary temperature gauges and reinstall the 
temperature sensors on the engine.

j.  Start the engine, record the starting time, make and record engine 
manufacturer's after-starting checks and inspections during a 
reasonable warm-up period.

k.  Operate the engine generator-set for at least 2 hours at 75% of 
Service Load.

l.  Verify proper operation and setpoints of gauges and instruments.

m.  Verify proper operation of ancillary equipment.

n.  Manually adjust the governor to increase engine speed past the 
overspeed limit.  Record the RPM at which the engine shuts down.

o.  Start the engine, record the starting time, make and record engine 
manufacturer's after-starting checks and inspections and operate 
the engine generator-set for at least 15 minutes at 75% of Service 
Load.

p.  Manually adjust the governor to increase engine speed to within 2% 
of the overspeed trip speed previously determined and operate at 
that point for 5 minutes.  Manually adjust the governor to the 
rated frequency.

SECTION 16263A  Page 48



Air Traffic Control Tower, Offutt AFB, NE OF33

q.  Manually fill the day tank to a level above the overfill limit. 
Record the level at which the overfill alarm sounds.  Verify 
shutdown of the fuel transfer pump.  Drain the day tank down below 
the overfill limit.

r.  Shut down the engine.  Remove the time-delay low lube oil pressure 
alarm bypass and try to start the engine.

s.  Attach a manifold to the engine oil system (at the oil pressure 
sensor port) that contains a shutoff valve in series with a 
connection for the engine's oil pressure sensor followed by an oil 
pressure gauge ending with a bleed valve.  The engine's oil 
pressure sensor shall be moved from the engine to the manifold.  
The manifold shutoff valve shall be open and bleed valve closed.

t.  Start the engine, record the starting time, make and record engine 
manufacturer's after-starting checks and inspections and operate 
the engine generator-set for at least 15 minutes at 75% of Service 
Load.

u.  Close the manifold shutoff valve.  Slowly allow the pressure in 
the manifold to bleed off through the bleed valve while watching 
the pressure gauge.  Record the pressure at which the engine shuts 
down.  Catch oil spillage from the bleed valve in a container.  
Add the oil from the container back to the engine, remove the 
manifold, and reinstall the engine's oil pressure sensor on the 
engine.

v.  Start the engine, record the starting time, make and record engine 
manufacturer's after-starting checks and inspections and operate 
the engine generator-set for at least 15 minutes at 100% of 
Service Load.  Record the maximum sound level in each frequency 
band at a distance of 75 feet from the end of the exhaust and air 
intake piping directly along the path of intake and discharge for 
horizontal piping; or at a radius of 75 feet from the engine at 45 
degrees apart in all directions for vertical piping.  If a sound 
limiting enclosure is provided, the enclosure, the muffler, and 
intake silencer shall be modified or replaced as required to meet 
the sound requirements contained within this specification  

w.  Manually drain off fuel slowly from the fuel tank to empty it to 
below the low fuel level limit and record the level at which the 
audible alarm sounds.  Add fuel back to the fuel tank to fill it 
above low level alarm limits.

3.5.6   Performance Tests

In the following tests, where measurements are to be recorded after 
stabilization of an engine-generator set parameter (voltage, frequency, 
current, temperature, etc.), stabilization is considered to have occurred 
when measurements are maintained within the specified bandwidths or 
tolerances, for a minimum of four consecutive readings.  For the following 
tests, if any parts are changed, or adjustments made to the generator set, 
its controls, or auxiliaries, the associated tests shall be repeated.  
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Provide load bank equipment as required for testing purposes.

3.5.6.1   Continuous Engine Load Run Test

Test the engine-generator set and ancillary systems at service load to 
demonstrate durability; verify that heat of extended operation does not 
adversely affect or cause failure in any part of the system; and check all 
parts of the system.  If the engine load run test is interrupted for any 
reason, the entire test shall be repeated.  The engine load run test shall 
be accomplished principally during daylight hours, with an average ambient 
temperature of 90 degrees F, during the month of August, or as directed by 
the Contracting Officer.  After each change in load in the following test, 
measure the vibration at the end bearings (front and back of engine, 
outboard end of generator) in the horizontal, vertical, and axial 
directions.  Verify that the vibration is within the allowable range.  Data 
taken at 15 minute intervals shall include the following:

Electrical:  Output amperes, voltage, real and reactive power, power 
factor, frequency.

Pressure:  Lube-oil.

Temperature:  Coolant.
              Lube-oil.
              Exhaust.
              Ambient.

a.  Perform and record engine manufacturer's recommended prestarting 
checks and inspections.  Include as a minimum  checking of coolant 
fluid, fuel, and lube-oil levels.

b.  Start the engine, make and record engine manufacturer's 
after-starting checks and inspections during a reasonable warmup 
period.

c.  Operate the engine generator-set for 2 hours at 75% of Service 
Load.

d.  Increase load to 100% of Service Load and operate the engine 
generator-set for 4 hours.

e.  For prime rated units, increase  load to 110% of Service Load and 
operate the engine generator-set for 2 hours.

f.  Decrease load to 100% of Service Load and operate the engine 
generator-set for 2 hours or until all temperatures have 
stabilized.

g.  Remove load from the engine-generator set.

3.5.6.2   Voltage and Frequency Droop Test

For the following steps, verify that the output voltage and frequency 
return to and stabilize within the specified bandwidth values following 
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each load change.  Record the generator output frequency and line-line and 
line-neutral voltages following each load change.

a.  With the generator operating at no load, adjust voltage and 
frequency to rated voltage and frequency.

b.  Increase load to 100% of Rated Output Capacity.  Record the 
generator output frequency and line-line and line-neutral voltages.

c.  Calculate the percent droop for voltage and frequency with the 
following equations.

      Voltage droop % = No-load volts - rated output capacity volts
                        ------------------------------------------- x 100
                                 Rated output capacity volts

      Frequency droop % = No load hertz - rated output capacity hertz
                        ------------------------------------------- x 100
                                 Rated output capacity volts

d.  Repeat steps a. through c. two additional times without making any 
adjustments.

3.5.6.3   Voltage Regulator Range Test

a.  While operating at no load, verify that the voltage regulator 
adjusts from 90% to 110% of rated voltage.

b.  Increase load to 100% of Rated Output Capacity.  Verify that the 
voltage regulator adjusts from 90% to 110% of rated voltage.

3.5.6.4   Governor Adjustment Range Test

a.  While operating at no load, verify that the governor adjusts from 
90% to 110% of rated frequency.

b.  Increase load to 100% of Rated Output Capacity.  Verify that the 
governor adjusts from 90% to 110% of rated frequency.

3.5.6.5   Frequency and Voltage Stability and Transient Response

Verify that the engine-generator set responds to addition and dropping of 
blocks of load in accordance with the transient response requirements. 
Document maximum voltage and frequency variation from bandwidth and verify 
that voltage and frequency return to and stabilize within the specified 
bandwidth, within the specified response time period.  Document results in 
tabular form and with high resolution, high speed strip chart recorders or 
comparable digital recorders, as approved by the Contracting Officer.  
Tabular data shall include the following:

(1.)  Ambient temperature (at 15 minute intervals).
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(2.)  Generator output current (before and after load changes).

(3.)  Generator output voltage (before and after load changes).

(4.)  Frequency (before and after load changes).

(5.)  Generator output power (before and after load changes.

(6.)  Graphic representations shall include the actual instrument 
trace of voltage and frequency showing:

Charts marked at start of test; observed steady-state band; mean 
of observed band;  momentary overshoot and undershoot (generator 
terminal voltage and frequency) and recovery time for each load 
change together with the voltage and frequency maximum and minimum 
trace excursions for each steady state load condition prior to and 
immediately following each load change.  Generator terminal 
voltage and frequency transient recovery time for each step load 
increase and decrease.

a.  Perform and record engine manufacturer's recommended prestarting 
checks and inspections.

b.  Start the engine, make and record engine manufacturer's 
after-starting checks and inspections during a reasonable warm-up 
period and no load.  Verify stabilization of voltage and frequency 
within specified bandwidths.

c.  With the unit at no load, apply the Maximum Step Load Increase.

d.  Apply load in steps equal to the Maximum Step Load Increase until 
the addition of one more step increase will exceed the Service 
Load.

e.  Decrease load to the unit such that addition of the Maximum Step 
Load Increase will load the unit to 100% of Service Load.

f.  Apply the Maximum Step Load Increase.

g.  Decrease load to zero percent in steps equal to the Maximum Step 
Load Decrease.

h.  Repeat steps c. through g.

3.5.7   Automatic Operation Tests for Stand-Alone Operation

The automatic loading system shall be tested to demonstrate automatic 
starting of each engine-generator set.  The loads for this test shall 
utilize the actual loads to be served, and the loading sequence shall be 
the indicated sequence.  Perform this test for a minimum of two successive, 
successful tests.  Data taken shall include the following:

(1.)  Ambient temperature (at 15 minute intervals).
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(2.)  Generator output current (before and after load changes).

(3.)  Generator output voltage (before and after load changes).

(4.)  Generator output frequency (before and after load changes).

a.  Initiate loss of the primary power source and verify automatic 
sequence of operation.

b.  Restore the primary power source and verify sequence of operation.

c.  Verify resetting of controls to normal.

3.5.8   Fuel Consumption Tests

Fuel consumption tests to confirm the manufacturer's certified rates shall 
be performed on engine generator set and the results tabulated and 
averaged.  Fuel consumption tests shall be conducted under the direct 
supervision of the engine manufacturer's representative.  Fuel consumption 
readings shall be taken at 15 minute intervals, over a minimum period of 1 
hour at 50% Service Load, 1 hour at 75% Service Load, and 4 hours at 100% 
Service Load.  Fuel consumption data may be taken during the 75% load test 
and 100% load tests.  Fuel consumption readings at site conditions shall be 
correlated to the guarantee-baseline conditions.  Test report shall 
contain:  readings of the output frequency, voltage, current, power factor, 
and power; barometric pressure; ambient temperature; intake-air 
temperature; fuel temperature; the site fuel consumption readings, 
adjustment calculations, factors, and source references for correlation of 
actual consumption rate of the guaranteed rate.

a.  Start and operate the generator set and allow it to stabilize at 
rated load, rated voltage and rated frequency.  During this 
period, readings of all instruments including thermal 
instrumentation shall be recorded at minimum intervals of 10 
minutes.  If necessary, adjustments to the load, voltage and 
frequency may be made to maintain rated load at rated voltage and 
rated frequency.  However, adjustments to the voltage and 
frequency shall be limited to those adjustments available to the 
operator, specifically adjustments to the voltage or frequency 
adjust devices.  On generator sets utilizing a droop-type speed 
control system as the prime speed control, the speed and droop 
portions of the control may be adjusted.  No other adjustments to 
the voltage and frequency control systems shall be made unless 
permitted by the procurement document.  Adjustments to the load, 
voltage or frequency controls shall be recorded on the data sheet. 
 Unless otherwise specified in the procurement document, 
stabilization will be consideration to have occurred when four 
consecutive voltage and current recorded readings of the generator 
(or exciter) field either remain unchanged or have only minor 
variations about an equilibrium condition with no evident 
continued increase or decrease in value after the last adjustment 
to  the load, voltage or frequency has been made.

b.  Perform one of the following procedures:

SECTION 16263A  Page 53



Air Traffic Control Tower, Offutt AFB, NE OF33

BALANCE SCALE PROCEDURE.

(1.)  Supply fuel from auxiliary container mounted on a balance 
scale.

(2.)  After stabilization has occurred, set the balance weights at 
any convenient value slightly less than the total weight of the 
fuel and container.

(3.)  Start the stopwatch when the balance weights fall and record 
the total weight.

(4.)  Reduce the balance weight a convenient amount and record the 
amount of the weights removed.

(5.)  Stop the stopwatch when the balance weights fall and record 
the total weight and the elapsed time.

(6.)  Repeat steps (1) thru (2) above until the timed portion of 
the test exceeds the 2 hours.

(7.)  From the total elapsed time and total of the weights removed 
calculate the fuel consumption in terms of pounds per hour.

(8.)  Using the value obtained in step (7) above, compute the rate 
of fuel consumption per kilowatt hour, as follows:

Pounds per kWH  =  Fuel Consumption in Pounds per Hour
                               kW Load

(9.)  Repeat the test for each load condition specified.

(10.)  Determine the capacity of the generator set fuel tank in 
pounds of fuel.

(11.)  For each specified load, compute the number of continuous 
hours the generator set will operate on a full tank of fuel.  The 
following formula shall be used.

Operating hours  =  Fuel Tank Capacity (Pounds)     
                  Fuel Consumption (Pounds per hour)

ALTERNATE PROCEDURE FOR WEIGHING FUEL

(1.)  Supply fuel from the auxiliary fuel container, mounted on a 
platform balance, or other weighing device.

(2.)  After stabilization has occurred, record weight readings 
every one-half hour for a period of 2 hours.

(3.)  Calculate the average hourly fuel consumption rate in pounds 
per hour.
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(4.)  Using the average hourly fuel consumption rate obtained 
above, compute the rate of fuel consumption per kilowatt hour, as 
follows:

        Pounds per kWH  =  Fuel Consumption
                              kW Load

(5.)  Repeat test for each load condition specified.

(6.)  Determine the capacity of the generator set fuel tank in 
pounds of fuel.

(7.)  for each specified load test, compute the number of 
continuous ours the generator set will operate on a full tank of 
fuel.  The following formula shall be used:

Operating Hours  =  Fuel Tank Capacity (Pounds)     
                  Fuel Consumption (Pounds per Hour)

ALTERNATE PROCEDURE USING FLOWMETER.

Flowmeters may be used to determine the fuel rate.  They usually are 
calibrated in either gallons per hour, or pounds per hour, for a fuel of a 
definite specific gravity and temperature.

(1.)  After stabilization has occurred record the fuel consumption 
rate, and continue to record the fuel consumption rate at one-half 
hour intervals for 2 hours.

(2.)  Determine the average of the readings (correct for fuel 
specific gravity and temperature).  This is the fuel consumption 
rate and should be converted, if necessary, to pounds per hour.

(3.)  Using the average value obtained above, calculate the rate 
of fuel consumption per kilowatt hour.

(4.)  Repeat the test for each load condition specified.

(5.)  Determine the capacity of the generator set fuel tank in 
pounds of fuel.

(6.)  For each specified load test, compute the number of 
continuous hours the generator set will operate on a full tank of 
fuel.  The following formula shall be used:

      Operating Hours  =  Fuel Tank Capacity (Pounds)       
                          Fuel Consumption (Pounds per Hour)

c.  Results.  Compare the operating hours or the fuel consumption rate 
per kWH.

3.5.9   Final Testing and Inspection

a.  Start the engine, record the starting time, make and record all 
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engine manufacturer's after-starting checks and inspections during 
a reasonable warm-up period.

b.  Increase the load in steps no greater than the Maximum Step Load 
Increase to 100% of Service Load, and operate the engine-generator 
set for at least 30 minutes.  Measure the vibration at the end 
bearings (front and back of engine, outboard end of generator) in 
the horizontal, vertical, and axial directions.  Verify that the 
vibration is within the same range as previous measurements and is 
within the required range.

c.  Remove load and shut down the engine-generator set after the 
recommended cool down period.

d.  Remove the lube oil filter and have the oil and filter examined by 
the engine manufacturer for excessive metal, abrasive foreign 
particles, etc.  Any corrective action shall be verified for 
effectiveness by running the engine for 8 hours at Service Load, 
then re-examining the oil and filter.

e.  Remove the fuel filter and examine the filter for trash, abrasive 
foreign particles, etc.

f.  Visually inspect and check engine and generator mounting bolts for 
tightness and visible damage.

g.  Replace air, oil, and fuel filters with new filters.

h.  Fill fuel storage tank full after testing is finished.

3.6   POSTED DATA AND INSTRUCTIONS

Posted Data and Instructions shall be posted prior to field acceptance 
testing of the engine generator set.  Two sets of instructions/data shall 
be typed in 8 1/2" x 11" format, laminated in weatherproof plastic, and 
placed in three-ring vinyl binders.  The binders shall be placed as 
directed by the Contracting Officer.  The instructions shall be in place 
prior to acceptance of the engine generator set installation.  First set 
shall include a one-line diagram, wiring and control diagrams and a 
complete layout of the system.  Second set shall include the condensed 
operating instructions describing manufacturer's pre-start checklist and 
precautions; startup procedures for test-mode, manual-start mode, and 
automatic-start mode (as applicable); running checks, procedures, and 
precautions; and shutdown procedures, checks, and precautions.  
Instructions shall include procedures for interrelated equipment (such as 
heat recovery systems, co-generation, load-shedding, and automatic transfer 
switches).

3.7   ONSITE TRAINING

The Contractor shall conduct training course for operating staff as 
designated by the Contracting Officer.  The training period shall consist 
of a total 16 hours of normal working time and shall start after the system 
is functionally completed but prior to final acceptance.  All operation and 
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maintenance manuals shall bee approved and made available for the training 
course.  All posted instructions shall be approved and posted prior to the 
beginning date of the training course.  The training course schedule shall 
be coordinated with the Using Service's work schedule, and submitted for 
approval 14 days prior to beginning date of proposed beginning date of 
training.  The course instructions shall cover pertinent points involved in 
operating, starting, stopping, servicing the equipment, as well as major 
elements of the operation and maintenance manuals.  Additionally, the 
course instructions shall demonstrate routine maintenance procedures as 
described in the operation and maintenance manuals.  Two copies of a video 
tape of the manufacturers operating and maintenance training course shall 
be submitted.

3.8   ACCEPTANCE

Final acceptance of the engine-generator set will not be given until the 
contractor has successfully completed all tests and all defects in 
installation material or operation have been corrected.

        -- End of Section --
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SECTION 16272

THREE-PHASE PAD-MOUNTED TRANSFORMERS
08/04

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM A 167 (2004) Stainless and Heat-Resisting 
Chromium-Nickel Steel Plate, Sheet, and 
Strip

ASTM D 1535 (2001) Specifying Color by the Munsell 
System

ASTM D 877 (2002e1) Dielectric Breakdown Voltage of 
Insulating Liquids Using Disk Electrodes

ASTM D 92 (2002b) Flash and Fire Points by Cleveland 
Open Cup Tester

ASTM D 97 (2004) Pour Point of Petroleum Products

FM GLOBAL (FM)

FM P7825 (2003) Approval Guide

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C12.7 (1993; R 1999) Requirements for Watthour 
Meter Sockets

IEEE C2 (2002) National Electrical Safety Code

IEEE C57.12.00 (2000)  General Requirements for 
Liquid-Immersed Distribution, Power, and 
Regulating Transformers

IEEE C57.12.80 (2002) Terminology for Power and 
Distribution Transformers

IEEE C57.12.90 (1999) Test Code for Liquid-Immersed 
Distribution, Power, and Regulating 
Transformers
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IEEE C57.13 (1993) Requirements for Instrument 
Transformers

IEEE C57.98 (1994) Guide for Transformer Impulse Tests

IEEE C62.11 (1999) Metal-Oxide Surge Arresters for 
Alternating Current Power Circuits (>1KV)

IEEE Std 100 (2000) IEEE Standard Dictionary of 
Electrical and Electronics Terms

IEEE Std 386 (1995) Separable Insulated Connector 
Systems for Power Distribution Systems 
Above 600V

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)

NETA ATS (2003) Acceptance Testing Specifications

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA C12.1 (2001) Code for Electricity Metering

NEMA C12.10 (1997) Watthour Meters

NEMA C37.47 (1981) Distribution Fuse Disconnecting 
Switches, Fuse Supports, and 
Current-Limiting Fuses**

NEMA C57.12.26 (1993) Pad-Mounted, Compartmental-Type, 
Self-Cooled, Three-Phase Distribution 
Transformers for Use with Separable 
Insulated High-Voltage Connectors, 
High-Voltage, 34 500 Grd Y/19 920 Volts 
and Below; 2500 kVA and Smaller

NEMA C57.12.29 (1999; E 2000) Pad-Mounted Equipment - 
Enclosure Integrity for Coastal 
Environments

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2005) National Electrical Code

ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT (OECD)

OECD Test 203 (1992) Fish Acute Toxicity Test

U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA)

EPA 600/4-90/027F (1993) Methods for Measuring the Acute 
Toxicity of Effluents and Receiving Waters 
to Freshwater and Marine Organisms
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EPA 712-C-98-075 (1996) Fate, Transport and Transformation 
Test Guidelines - OPPTS 835.3100- "Aerobic 
Aquatic Biodegradation"

UNDERWRITERS LABORATORIES (UL)

UL 467 (1993; Rev thru Feb 2001) Grounding and 
Bonding Equipment

1.2   RELATED REQUIREMENTS

Section 16081 APPARATUS INSPECTION AND TESTING applies to this section, 
with the additions and modifications specified herein.

1.3   DEFINITIONS

a.  Unless otherwise specified or indicated, electrical and electronics 
terms used in these specifications, and on the drawings, shall be as 
defined in IEEE Std 100.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only or as 
otherwise designated.  When used, a designation following the "G" 
designation identifies the office that will review the submittal for the 
Government.  The following shall be submitted in accordance with Section 
01330 SUBMITTAL PROCEDURES:

As an exception to this paragraph, transformers manufactured by ABB in 
Jefferson City, MO; by Cooper Power Systems in Waukesha, WI; or by Howard 
Industries in Laurel, MS need not meet the submittal requirements of this 
contract.  Instead, the following shall be submitted:

a.  A certification, from the manufacturer, that the technical requirements 
of this specification shall be met.

b.  An outline drawing of the transformer with devices identified 
(paragraph entitled "Pad-Mounted Transformer Drawings", item a).

c.  ANSI nameplate data of the transformer (paragraph entitled "Pad-Mounted 
Transformer Drawings", item b).

d.  Manufacturer's published time-current curves (on full size logarithmic 
paper) of the transformer high side fuses (paragraph entitled 
"Pad-Mounted Transformer Drawings", item e).

e.  Routine and other tests (in PART 2, see paragraph entitled "Routine and 
Other Tests"), shall be conducted by the manufacturer and may be 
witnessed by the government (in Part 2, see paragraph entitled "Source 
Quality Control").  Provide transformer test schedule required by 
submittal item "SD-11 Closeout Submittals".  Provide certified copies 
of the tests.
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f.  Provide acceptance test reports required by submittal item "SD-06 Test 
Reports".

g.  Provide operation and maintenance manuals required by submittal item 
"SD-10 Operation and Maintenance Data".

SD-02 Shop Drawings

Pad-mounted transformer drawings; G-AO

SD-03 Product Data

Pad-mounted transformers; G-AO

Submittal shall include manufacturer's information for each 
component, device, and accessory provided with the transformer.

SD-06 Test Reports

Acceptance checks and tests; G-AO

SD-07 Certificates

Transformer losses; G-AO

Submit certification from the manufacturer indicating conformance 
with the paragraph entitled "Specified Transformer Losses."

SD-09 Manufacturer's Field Reports

Pad-mounted transformer design tests; G-AO

Pad-mounted transformer routine and other tests; G-AO

SD-10 Operation and Maintenance Data

Transformer(s), Data Package 5; G-AO

Submit operation and maintenance data in accordance with Section 
01781 OPERATION AND MAINTENANCE DATA and as specified herein.

SD-11 Closeout Submittals

Transformer test schedule; G-AO

Submit report of test results as specified by paragraph entitled 
"Field Quality Control."

1.5   QUALITY ASSURANCE

1.5.1   Pad-Mounted Transformer Drawings

Drawings shall indicate, but not be limited to the following:
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a.  An outline drawing, with front, top, and side views.

b.  ANSI nameplate data.

c.  Elementary diagrams and wiring diagrams with terminals identified of 
watthour meter and current transformers.

d.  One-line diagram, including switch(es), current transformers, meters, 
and fuses.

e.  Manufacturer's published time-current curves (on full size logarithmic 
paper) of the transformer high side fuses.

1.5.2   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction," or words of 
similar meaning, to mean the Contracting Officer.  Equipment, materials, 
installation, and workmanship shall be in accordance with the mandatory and 
advisory provisions of NFPA 70 unless more stringent requirements are 
specified or indicated.

1.5.3   Standard Products

Provide materials and equipment that are products of manufacturers 
regularly engaged in the production of such products which are of equal 
material, design and workmanship.  Products shall have been in satisfactory 
commercial or industrial use for 2 years prior to bid opening.  The 2-year 
period shall include applications of equipment and materials under similar 
circumstances and of similar size.  The product shall have been on sale on 
the commercial market through advertisements, manufacturers' catalogs, or 
brochures during the 2-year period.  Where two or more items of the same 
class of equipment are required, these items shall be products of a single 
manufacturer; however, the component parts of the item need not be the 
products of the same manufacturer unless stated in this section.

1.5.3.1   Alternative Qualifications

Products having less than a 2-year field service record will be acceptable 
if a certified record of satisfactory field operation for not less than 
6000 hours, exclusive of the manufacturers' factory or laboratory tests, is 
furnished.

1.5.3.2   Material and Equipment Manufacturing Date

Products manufactured more than 3 years prior to date of delivery to site 
shall not be used, unless specified otherwise.

1.6   MAINTENANCE

1.6.1   Additions to Operation and Maintenance Data
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In addition to requirements of Data Package 5, include the following on the 
actual transformer(s) provided:

a.  An instruction manual with pertinent items and information highlighted

b.  An outline drawing, front, top, and side views

c.  Prices for spare parts and supply list

d.  Routine and field acceptance test reports

e.  Fuse curves for primary fuses

f.  Information on watthour demand meter, CT's, and fuse block

g.  Actual nameplate diagram

h.  Date of purchase

1.7   WARRANTY

The equipment items shall be supported by service organizations which are 
reasonably convenient to the equipment installation in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

PART 2   PRODUCTS

2.1   PRODUCT COORDINATION

Products and materials not considered to be pad-mounted transformers and 
related accessories are specified in Section 16302N UNDERGROUND 
TRANSMISSION AND DISTRIBUTION, and Section 16402 INTERIOR DISTRIBUTION 
SYSTEM.

2.2   THREE-PHASE PAD-MOUNTED TRANSFORMERS

NEMA C57.12.26, NEMA C57.12.29 and as specified herein.

2.2.1   Compartments

The high- and low-voltage compartments shall be separated by steel 
isolating barriers extending the full height and depth of the compartments. 
Compartment doors:  hinged lift-off type with stop in open position and 
three-point latching.

2.2.1.1   High Voltage, Dead-Front

High-voltage compartment shall contain the incoming line, insulated 
high-voltage load-break connectors, bushing well inserts, feed-thru inserts,
 six high-voltage bushing wells configured for loop feed application, 
load-break switch handle(s), access to oil-immersed fuses, dead-front surge 
arresters, tap changer handle, connector parking stands, protective caps, 
and ground pad.  Transformer is to be configured for a loop feed primary, 
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although a radial feed will be (initally) installed.  Provide insulated 
protective caps on all unused connection points.

a.  Insulated high-voltage load-break connectors:  IEEE Std 386, rated 15 
kV, 95 kV BIL.  Current rating:  200 amperes rms continuous.  Short 
time rating:  10,000 amperes rms symmetrical for a time duration of 
0.17 seconds.  Connector shall have a steel reinforced hook-stick eye, 
grounding eye, test point, and arc-quenching contact material.

b.  Bushing well inserts and feed-thru inserts:  IEEE Std 386, 200 amperes, 
15 kV Class.  Provide a bushing well insert for each bushing well 
unless indicated otherwise.

c.  Load-break switch

Loop feed sectionalizer switches:  Provide three, two-position, 
oil-immersed type switches to permit closed transition loop feed and 
sectionalizing.  Each switch shall be rated at 15 kV, 95 kV BIL, with a 
continuous current rating and load-break rating of 200 amperes, and a 
make-and-latch rating of 10,000 rms amperes symmetrical.  Locate the 
switch handles in the high-voltage compartment.  Operation of switches 
shall be as follows:

            |  DESCRIPTION         |  SWITCH POSITION
  ARRANGE-  |  OF SWITCH           |  LINE A SW. | LINE B SW |  XFMR. SW
  MENT NO.  |  ARRANGEMENT         |  OPEN|CLOSE | OPEN|CLOSE|  OPEN|CLOSE
--------------------------------------------------------------------------

      1     |  Line A              |      |  X   |     |  X  |      |  X
            |  connected           |      |      |     |     |      |
            |  to Line B           |      |      |     |     |      |
            |  and both lines      |      |      |     |     |      |
            |  connected to        |      |      |     |     |      |
            |  transformer         |      |      |     |     |      |
--------------------------------------------------------------------------
      2     |  Transformer         |      |  X   |  X  |     |      |  X
            |  connected to        |      |      |     |     |      |
            |  Line A only         |      |      |     |     |      |
--------------------------------------------------------------------------
      3     |  Transformer         |  X   |      |     |  X  |      |  X
            |  connected to        |      |      |     |     |      |
            |  Line B only         |      |      |     |     |      |
--------------------------------------------------------------------------
      4     |  Transformer         |      |  X   |     |  X  |  X   |
            |  open and            |      |      |     |     |      |
            |  loop closed         |      |      |     |     |      |
--------------------------------------------------------------------------
      5     |  Transformer         |  X   |      |  X  |     |  X   |
            |  open and            |      |      |     |     |      |
            |  loop open           |      |      |     |     |      |
-------------------------------------------------------------------------

d.  Provide bayonet type, oil-immersed, expulsion fuses in series with 
oil-immersed, partial-range, current-limiting fuses.  Bayonet fuse 
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links shall sense both high currents and high oil temperature in order 
to provide thermal protection to the transformer.  Coordinate 
transformer protection with expulsion fuse clearing low-current faults 
and current-limiting fuse clearing high-current faults beyond the 
interrupting rating of the expulsion fuse.  In order to eliminate or 
minimize oil spills, the bayonet fuse assembly shall include an oil 
retention valve inside the housing which closes when the fuse holder is 
removed and an external drip shield.  Warning shall be conspicuously 
displayed within the high-voltage compartment cautioning against 
removing or inserting fuses unless the load-break switch is in the open 
position and the tank pressure has been released.

Bayonet fuse assembly:  150 kV BIL.

Oil-immersed current-limiting fuses:  NEMA C37.47; 50,000 rms amperes 
symmetrical interrupting rating at the system voltage specified.  
Connect current limiting fuses ahead of the load-break switch.

e.  Surge arresters:  IEEE C62.11, rated 15 kV, fully shielded, dead-front, 
metal-oxide-varistor, elbow type with resistance-graded gap, suitable 
for plugging into inserts.  Provide three arresters for radial feed 
circuits.

f.  Parking stands:  Provide a parking stand near each bushing well.

g.  Protective caps:  IEEE Std 386, 200 amperes, 15 kV Class.  Provide 
insulated protective caps (not shipping caps) for insulating and 
sealing out moisture from unused bushing well inserts.

2.2.1.2   Low Voltage

Low-voltage compartment shall contain low-voltage bushings with NEMA spade 
terminals, accessories, metering, stainless steel or laser-etched anodized 
aluminum diagrammatic transformer nameplate, and ground pad.

a.  Accessories shall include drain valve with sampler device, fill plug, 
pressure relief device, liquid level gage, pressure-vacuum gage, and 
dial type thermometer with maximum temperature indicator.

b.  Metering:  NEMA C12.10.  Provide a socket-mounted electronic 
programmable outdoor watthour meter, surface mounted flush against the 
side of the low-voltage compartment as indicated.  Meter shall either 
be programmed at the factory or shall be programmed in the field.  When 
field programming is performed, turn field programming device over to 
the Contracting Officer at completion of project.  Meter shall be 
coordinated to system requirements.

1.  Design:  Provide meter designed for use on a 3-phase, 4-wire, 
480Y/277 volt system with 3 current transformers.  Include 
necessary KYZ pulse initiation hardware for Energy Monitoring and 
Control System (EMCS) as specified in Section 15951 DIRECT DIGITAL 
CONTROL FOR HVAC AND OTHER LOCAL BUILDING SYSTEMS.

2.  Coordination:  Provide meter coordinated with ratios of current 
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transformers and transformer secondary voltage.

3.  Class:  20;  Form:  9S; Accuracy: +/- 1.0 percent; Finish: Class II

4.  Cover:  Polycarbonate and lockable to prevent tampering and 
unauthorized removal.

5.  Kilowatt-hour Register:  5 digit electronic programmable type

6.  Demand Register:

(a) Provide solid state

(b) Meter reading multiplier:

(1) Indicate multiplier on the meter face.

(c) Demand interval length: shall be programmed for 15 minutes 
with rolling demand up to six subintervals per interval.

7.  Meter fusing: Provide a fuse block mounted in the secondary 
compartment containing one fuse per phase to protect the voltage 
input to the watthour meter.  Size fuses as recommended by the 
meter manufacturer.

8.  Socket:  IEEE C12.7.  Provide NEMA Type 3R, box-mounted socket 
having automatic circuit-closing bypass and having jaws compatible 
with requirements of the meter.  Cover unused hub openings with 
blank hub plates.  Paint box Munsell 7GY3.29/1.5 green to match 
the pad-mounted transformer to which the box-mounted socket is 
attached.  The Munsell color notation is specified in ASTM D 1535.

9.  Current transformers:  IEEE C57.13.  Provide butyl-molded window 
type current transformers with 600-volt insulation, 10 kV BIL and 
mount on the low-voltage bushings.  Route current transformer 
leads in a location as remote as possible from the power 
transformer secondary cables to permit current measurements to be 
taken with hook-on-ammeters.  Provide three current transformers 
per power transformer with characteristics listed in the following 
table.

  kVA    Sec. Volt     CT Ratio    RF      Meter Acc. Class

   500   480Y/277        600/5    3.0        0.3 thru B-0.5

2.2.2   Transformer

a.  Less-flammable liquid-insulated, two winding, 60 hertz, 65 degrees C 
rise above a 30 degrees C average ambient, self-cooled type.

b.  Transformer shall be rated 500 kVA, 95 kV BIL.

c.  Transformer voltage ratings:  13,800/7,970 V - 480/277 V.  For GrdY - 
GrdY transformers, provide transformer with five-legged core design for 
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third harmonic suppression.

d.  Tap changer shall be externally operated, manual type for changing tap 
setting when the transformer is de-energized.  Provide four 2.5 percent 
full capacity taps, two above and two below rated primary voltage.  Tap 
changers shall clearly indicate which tap setting is in use.

e.  Minimum tested impedance shall not be less than 3.91 percent at 85 
degrees C.

f.  Audible sound levels shall comply with the following:

                   kVA          DECIBELS (MAX)

                   500                 56

g.  Transformer shall include lifting lugs and provisions for jacking under 
base.  The transformer base construction shall be suitable for using 
rollers or skidding in any direction.  Provide transformer top with an 
access handhole.  Transformer shall have its kVA rating conspicuously 
displayed on its enclosure.  The transformer shall have an insulated 
low-voltage neutral bushing with NEMA spade terminal, and with 
removable ground strap.

2.2.2.1   Specified Transformer Losses

No-load losses (NLL) shall be 721 watts at 20 degrees C and load losses 
(LL) shall be 2500 watts at 85 degrees C.  The values for the specified 
losses shall be used for comparison with the losses determined during the 
routine tests.  If the routine test values for no-load losses exceed the 
specified no-load losses by more than 10 percent, or the total losses 
exceed the specified total losses (sum of no-load and load losses) by more 
than 6 percent, the transformer is unacceptable.

2.2.3   Insulating Liquid

A.  Less-flammable transformer liquids:  NFPA 70 and FM P7825 for 
less-flammable liquids having a fire point not less than 300 degrees C 
tested per ASTM D 92 and a dielectric strength not less than 33 kV 
tested per ASTM D 877.  Provide identification of transformer as 
"non-PCB" and "manufacturer's name and type of fluid" on the nameplate.

The fluid shall be a biodegradable electrical insulating and cooling 
liquid classified by UL and approved by FM as "less flammable" fluids.  
The fluid shall meet the following fluid properties:

1.  Pour point:  ASTM D 97, less than -15 degree C

2.  Aquatic biodegradation:  EPA 712-C-98-075, 100%

3.  Trout toxicity:  OECD Test 203, zero mortality of EPA 600/4-90/027F, 
pass

2.2.3.1   Liquid-Filled Transformer Nameplates
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Power transformers shall be provided with nameplate information in 
accordance with IEEE C57.12.00 and as modified or supplemented by this 
section.

2.2.4   Corrosion Protection

Bases and cabinets of transformers shall be corrosion resistant and shall 
be fabricated of stainless steel conforming to ASTM A 167, Type 304 or 
304L.  Base shall include any part of pad-mounted transformer that is within
 3 inches of concrete pad.  Paint bases, cabinets, and tanks Munsell 
7GY3.29/1.5 green.  Paint coating system shall comply with NEMA C57.12.29.  
The Munsell color notation is specified in ASTM D 1535.

2.3   WARNING SIGNS

Provide warning signs for the enclosures of pad-mounted transformers having 
a nominal rating exceeding 600 volts.

a.  When the enclosure integrity of such equipment is specified to be 
in accordance with NEMA C57.12.29, such as for pad-mounted 
transformers, provide self-adhesive warning signs on the outside 
of the high voltage compartment door(s).  Sign shall be a decal 
and shall have nominal dimensions of 7 by 10 inches with the 
legend "DANGER HIGH VOLTAGE" printed in two lines of nominal 2 inch
 high letters.  The word "DANGER" shall be in white letters on a 
red background and the words "HIGH VOLTAGE" shall be in black 
letters on a white background.  Decal shall be Panduit No. 
PPSO710D72 or approved equal.

2.4   GROUNDING AND BONDING

UL 467.  Provide grounding and bonding as specified in Section 16302N 
UNDERGROUND TRANSMISSION AND DISTRIBUTION.

2.5   PADLOCKS

Padlocks shall be provided for pad-mounted equipment.  Padlocks shall be 
keyed as directed by the Contracting Officer.  Padlocks shall comply with 
Section 08710 DOOR HARDWARE.

2.6   CAST-IN-PLACE CONCRETE

Concrete associated with electrical work for other than encasement of 
underground ducts shall be 4000 psi minimum 28-day compressive strength 
unless specified otherwise.  All concrete shall conform to the requirements 
of Section 03300A CAST-IN-PLACE STRUCTURAL CONCRETE.

2.7   SOURCE QUALITY CONTROL

2.7.1   Transformer Test Schedule

The Government reserves the right to witness tests.  Provide transformer 
test schedule for tests to be performed at the manufacturer's test 
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facility.  Submit required test schedule and location, and notify the 
Contracting Officer 30 calendar days before scheduled test date.  Notify 
Contracting Officer 15 calendar days in advance of changes to scheduled 
date.

a.  Test Instrument Calibration

1.  The manufacturer shall have a calibration program which assures 
that all applicable test instruments are maintained within rated 
accuracy.

2.  The accuracy shall be directly traceable to the National Institute 
of Standards and Technology.

3.  Instrument calibration frequency schedule shall not exceed 12 
months for both test floor instruments and leased specialty 
equipment.

4.  Dated calibration labels shall be visible on all test equipment.

5.  Calibrating standard shall be of higher accuracy than that of the 
instrument tested.

6.  Keep up-to-date records that indicate dates and test results of 
instruments calibrated or tested.  For instruments calibrated by 
the manufacturer on a routine basis, in lieu of third party 
calibration, include the following:

(a) Maintain up-to-date instrument calibration instructions and 
procedures for each test instrument.

(b) Identify the third party/laboratory calibrated instrument to 
verify that calibrating standard is met.

2.7.2   Design Tests

IEEE C57.12.00, and IEEE C57.12.90.  Section 5.1.2 in IEEE C57.12.80 states 
that "design tests are made only on representative apparatus of basically 
the same design."  Submit design test reports (complete with test data, 
explanations, formulas, and results), in the same submittal package as the 
catalog data and drawings for the specified transformer(s).  Design tests 
shall have been performed prior to the award of this contract.

a.  Tests shall be certified and signed by a registered professional 
engineer.

b.  Temperature rise:  "Basically the same design" for the temperature rise 
test means a pad-mounted transformer with the same coil construction 
(such as wire wound primary and sheet wound secondary), the same kVA, 
the same cooling type (ONAN), the same temperature rise rating, and the 
same insulating liquid as the transformer specified.

c.  Lightning impulse:  "Basically the same design" for the lightning 
impulse dielectric test means a pad-mounted transformer with the same 
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BIL, the same coil construction (such as wire wound primary and sheet 
wound secondary), and a tap changer, if specified.  Design lightning 
impulse tests shall include both the primary and secondary windings of 
that transformer.

1.  IEEE C57.12.90, paragraph 10.3 entitled "Lightning Impulse Test 
Procedures," and IEEE C57.98.

2.  State test voltage levels.

3.  Provide photographs of oscilloscope display waveforms or plots of 
digitized waveforms with test report.

d.  Lifting and moving devices:  "Basically the same design" requirement 
for the lifting and moving devices test means a test report confirming 
that the lifting device being used is capable of handling the weight of 
the specified transformer in accordance with NEMA C57.12.26.

e.  Pressure:  "Basically the same design" for the pressure test means a 
pad-mounted transformer with a tank volume within 30 percent of the 
tank volume of the transformer specified.

2.7.3   Routine and Other Tests

IEEE C57.12.00.  Routine and other tests shall be performed by the 
manufacturer on the actual transformer(s) prepared for this project to 
ensure that the design performance is maintained in production.  Submit 
test reports, by serial number and receive approval before delivery of 
equipment to the project site.  Required tests and testing sequence shall 
be as follows:

a.  Cold resistance measurements (provide reference temperature)

b.  Phase relation

c.  Ratio

d.  No-load losses (NLL) and excitation current

e.  Load losses (LL) and impedance voltage

f.  Dielectric

1.  Impulse

2.  Applied voltage

3.  Induced voltage

g.  Leak

PART 3   EXECUTION

3.1   INSTALLATION
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Electrical installations shall conform to IEEE C2, NFPA 70, and to the 
requirements specified herein.  Provide new equipment and materials unless 
indicated or specified otherwise.

3.2   GROUNDING

NFPA 70 and IEEE C2, except that grounding systems shall have a resistance 
to solid earth ground not exceeding 5 ohms.

3.2.1   Grounding Electrodes

Provide driven ground rods as specified in Section 16302N UNDERGROUND 
TRANSMISSION AND DISTRIBUTION.  Connect ground conductors to the upper end 
of ground rods by exothermic weld.  Provide compression connectors at 
equipment end of ground conductors.

3.2.2   Pad-Mounted Transformer Grounding

Provide separate copper grounding conductors and connect them to the ground 
loop as indicated.  When work in addition to that indicated or specified is 
required to obtain the specified ground resistance, the provision of the 
contract covering "Changes" shall apply.

3.2.3   Connections

Make joints in grounding conductors and loops by exothermic weld or 
compression connector.  Exothermic welds and compression connectors shall 
be installed as specified in Section 16302N UNDERGROUND TRANSMISSION AND 
DISTRIBUTION.

3.2.4   Grounding and Bonding Equipment

UL 467, except as indicated or specified otherwise.

3.3   INSTALLATION OF EQUIPMENT AND ASSEMBLIES

Install and connect pad-mounted transformers furnished under this section 
as indicated on project drawings, the approved shop drawings, and as 
specified herein.

3.3.1   Meters and Current Transformers

NEMA C12.1.

3.4   FIELD APPLIED PAINTING

Where field painting of enclosures is required to correct damage to the 
manufacturer's factory applied coatings, provide manufacturer's recommended 
coatings and apply in accordance with manufacturer's instructions.

3.5   FOUNDATION FOR EQUIPMENT AND ASSEMBLIES

Mount transformer on concrete slab.  Unless otherwise indicated, the slab 
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shall be at least 8 inches thick, reinforced with a 6 by 6 - W2.9 by W2.9 
mesh, placed uniformly 4 inches from the top of the slab.  Slab shall be 
placed on a 6 inch thick, well-compacted gravel base.  Top of concrete slab 
shall be approximately 4 inches above finished grade with gradual slope for 
drainage.  Edges above grade shall have 1/2 inch chamfer.  Slab shall be of 
adequate size to project at least 8 inches beyond the equipment.

Stub up conduits, with bushings, 2 inches into cable wells in the concrete 
pad.  Coordinate dimensions of cable wells with transformer cable training 
areas.

3.5.1   Cast-In-Place Concrete

Cast-in-place concrete work shall conform to the requirements of Section 
03300A CAST-IN-PLACE STRUCTURAL CONCRETE.

3.5.2   Sealing

When the installation is complete, the Contractor shall seal all conduit 
and other entries into the equipment enclosure with an approved sealing 
compound.  Seals shall be of sufficient strength and durability to protect 
all energized live parts of the equipment from rodents, insects, or other 
foreign matter.

3.6   FIELD QUALITY CONTROL

3.6.1   Performance of Acceptance Checks and Tests

Perform in accordance with the manufacturer's recommendations and include 
the following visual and mechanical inspections and electrical tests, 
performed in accordance with NETA ATS.

3.6.1.1   Pad-Mounted Transformers

a.  Visual and mechanical inspection

1.  Compare equipment nameplate information with specifications and 
approved shop drawings.

2.  Inspect physical and mechanical condition.  Check for damaged or 
cracked insulators and leaks.

3.  Inspect all bolted electrical connections for high resistance 
using low-resistance ohmmeter, verifying tightness of accessible 
bolted electrical connections by calibrated torque-wrench method, 
or performing thermographic survey.

4.  Verify correct liquid level in tanks.

5.  Perform specific inspections and mechanical tests as recommended 
by manufacturer.

6.  Verify correct equipment grounding.
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7.  Verify the presence of transformer surge arresters.

b.  Electrical tests

1.  Perform resistance measurements through all bolted connections 
with low-resistance ohmmeter, if applicable.

2.  Perform insulation-resistance tests.

3.  Perform turns-ratio tests.

4.  Perform insulation power-factor/dissipation-factor tests on 
windings.

5.  Sample insulating liquid.  Sample shall be tested for:

(a) Dielectric breakdown voltage

(b) Acid neutralization number

(c) Specific gravity

(d) Interfacial tension

(e) Color

(f) Visual condition

(g) Water in insulating liquid

(h) Measure dissipation factor or power factor

6.  Perform dissolved gas analysis (DGA).

7.  Test for presence of PCB.

8.  Verify that the tap-changer is set at specified ratio.

9.  Verify proper secondary voltage phase-to-phase and 
phase-to-neutral after energization and prior to loading.

3.6.1.2   Current Transformers

a.  Visual and mechanical inspection

1.  Compare equipment nameplate data with specifications and approved 
shop drawings.

2.  Inspect physical and mechanical condition.

3.  Verify correct connection.

4.  Verify that adequate clearances exist between primary and 
secondary circuit.
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5.  Inspect all bolted electrical connections for high resistance 
using low-resistance ohmmeter, verifying tightness of accessible 
bolted electrical connections by calibrated torque-wrench method, 
or performing thermographic survey.

6.  Verify that required grounding and shorting connections provide 
good contact.

b.  Electrical tests

1.  Perform resistance measurements through all bolted connections 
with low-resistance ohmmeter, if applicable.

2.  Perform insulation-resistance test.

3.  Perform a polarity test.

4.  Perform a ratio-verification test.

3.6.1.3   Watthour Meter

a.  Visual and mechanical inspection

1.  Compare equipment nameplate data with specifications and approved 
shop drawings.

2.  Inspect physical and mechanical condition.

3.  Verify tightness of electrical connections.

b.  Electrical tests

1.  Calibrate watthour meters according to manufacturer's published 
data.

2.  Verify that correct multiplier has been placed on face of meter, 
where applicable.

3.  Verify that current transformer secondary circuits are intact.

3.6.1.4   Grounding System

a.  Visual and mechanical inspection

1.  Inspect ground system for compliance with contract plans and 
specifications.

b.  Electrical tests

1.  Perform ground-impedance measurements utilizing the 
fall-of-potential method.  On systems consisting of interconnected 
ground rods, perform tests after interconnections are complete.  
On systems consisting of a single ground rod perform tests before 
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any wire is connected.  Take measurements in normally dry weather, 
not less than 48 hours after rainfall.  Use a portable ground 
testing megger in accordance with manufacturer's instructions to 
test each ground or group of grounds.  The instrument shall be 
equipped with a meter reading directly in ohms or fractions 
thereof to indicate the ground value of the ground rod or 
grounding systems under test.

2.  Submit the measured ground resistance of each ground rod and 
grounding system, indicating the location of the rod and grounding 
system.  Include the test method and test setup (i.e., pin 
location) used to determine ground resistance and soil conditions 
at the time the measurements were made.

3.6.2   Follow-Up Verification

Upon completion of acceptance checks and tests, the Contractor shall show 
by demonstration in service that circuits and devices are in good operating 
condition and properly performing the intended function.  As an exception 
to requirements stated elsewhere in the contract, the Contracting Officer 
shall be given 5 working days advance notice of the dates and times of 
checking and testing.

       -- End of Section --
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SECTION 16302N

UNDERGROUND TRANSMISSION AND DISTRIBUTION
02/03

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI C119.1 (2002) Sealed Insulated Underground 
Connector Systems Rated 600 Volts

ANSI C2 (1997) National Electrical Safety Code

ASSOCIATION OF EDISON ILLUMINATING COMPANIES (AEIC)

AEIC CS1 (1990) Impregnated-Paper-Insulated, 
Metallic Sheathed Cable, Solid Type

AEIC CS6 (1996) Ethylene Propylene Rubber Insulated 
Shielded Power Cables Rated 69 kV

ASTM INTERNATIONAL (ASTM)

ASTM B 1 (2001) Hard-Drawn Copper Wire

ASTM B 8 (2004) Concentric-Lay-Stranded Copper 
Conductors, Hard, Medium-Hard, or Soft

ASTM F 512 (1995; R 2001e1) Smooth-Wall Poly (Vinyl 
Chloride) (PVC) Conduit and Fittings for 
Underground Installation

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE Std 404 (2000) Extruded and Laminated Dielectric  
Shielded Cable Joints Rated 2500 V Through 
500 000 V

IEEE Std 48 (1996; R 2003) Test Procedures and 
Requirements for Alternating-Current Cable 
Terminations 2.5 kV through 765 kV

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)

NETA ATS (2003) Acceptance Testing Specifications
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NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA RN 1 (1998) Polyvinyl Chloride (PVC) Externally 
Coated Galvanized Rigid Steel Conduit and 
Intermediate Metal Conduit

NEMA TC 2 (2003) Electrical Polyvinyl Chloride (PVC) 
Tubing and Conduit

NEMA TC 3 (2004) Polyvinyl Chloride PVC Fittings for 
Use with Rigid PVC Conduit and Tubing

NEMA TC 8 (1990) Extra-Strength PVC Plastic 
Utilities Duct for Underground Installation

NEMA TC 9 (2004) Fittings for Polyvinyl Chloride 
(PVC) Plastic Utilities Duct for 
Underground Installation

NEMA WC 8 (1988; Rev 3 1996) 
Ethylene-Propylene-Rubber-Insulated Wire 
and Cable for the Transmission and 
Distribution of Electrical Energy

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2005) National Electrical Code

NFPA 70B (2002) Electrical Equipment Maintenance

UNDERWRITERS LABORATORIES (UL)

UL 1242 (2000; Rev thru May 2003) Electrical 
Intermediate Metal Conduit -- Steel

UL 467 (1993; Rev thru Feb 2001) Grounding and 
Bonding Equipment

UL 486A (1997; Rev thru May 2001) Wire Connectors 
and Soldering Lugs for Use with Copper 
Conductors

UL 510 (1994; Rev thru Apr 1998) Polyvinyl 
Chloride, Polyethylene, and Rubber 
Insulating Tape

UL 514A (2004) Metallic Outlet Boxes

UL 514B (2004) Conduit, Tubing and Cable Fittings

UL 6 (2000; Rev thru May 2003) Rigid Metal 
Conduit
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UL 651 (1995; Rev thru Oct 2002) Schedule 40 and 
80 Rigid PVC Conduit

UL 83 (2003; Rev thru Mar 2004) 
Thermoplastic-Insulated Wires and Cables

1.2   RELATED REQUIREMENTS

Section 16050N BASIC ELECTRICAL MATERIALS AND METHODS and Section 02582 
ELECTRICAL MANHOLE AND HANDHOLE, applies to this section with additions and 
modifications specified herein.

1.3   DEFINITIONS

a.  In the text of this section, the words conduit and duct are used 
interchangeably and have the same meaning.

b.  In the text of this section, "medium voltage cable splices," and 
"medium voltage cable joints" are used interchangeably and have 
the same meaning.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Proposed precast sectional underground duct bank; G-AO

SD-03 Product Data

Medium voltage cable; G-AO

Medium voltage cable joints; G-AO

Medium voltage cable terminations; G-AO

600 volt wires and cables

SD-06 Test Reports

Acceptance checks and tests; G-AO

  Identify each cable for 600-volt, and medium voltage cable 
tests.  When testing grounding electrodes and systems, identify 
each electrode and system for each test, as well as the resistance 
and soil conditions at the time the measurement were made.

SD-07 Certificates
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Cable splicer/terminator; G-AO

Cable splicer qualifications; G-AO

  Thirty calendar days before making splices or terminations, 
submit names of the cable splicers to be employed, together with 
proof that splicer has at least 3 years experience in splicing the 
type and rating of cables specified.  Submit certification for 
each splicer by the cable joint kit manufacturer in the use of 
manufacturer's kits.

SD-08 Manufacturer's Instructions

Ground megger

"UL listed" kit

Termination kit

Medium-voltage joints

SD-09 Manufacturer's Field Reports

Arc-proofing test for cable fireproofing tape; G-AO

Medium voltage cable tests; G-AO

Factory engineered heat shrinkable joint kit

1.5   QUALITY ASSURANCE

Each cable splicer may be required to make an approved dummy splice in the 
presence of the Contracting Officer in accordance with cable manufacturer's 
instructions.  The Contractor shall furnish the material for dummy splices.

1.5.1   Cable Splicer Qualifications

a.  In order to establish the cable workman's competency, the 
Contractor shall be required to submit the following within 30 
calendar days prior to commencement of the splice/termination:

(1)  Documentation to verify that the individual has completed a 
splice/termination of the type to be installed under this 
contract.  The test splice-termination shall be performed at the 
job site for this contract under the supervision of the cable 
accessory manufacturer or his representative and witnessed by the 
Government.

(2)  Documentation that said splice/termination has undergone and 
passed the following tests by the splice-termination manufacturer 
or an independent testing laboratory.
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  _________________________________________________________________________
                                              Minimum Value

                 TEST                            15 kV
  _________________________________________________________________________

  Discharge Ext. Value with 3 pC or less         20 kV
  AC withstand, 1 minute                         50 kV
  DC withstand, 15 minutes                       70 kV
  _________________________________________________________________________
                  

These results shall be attached for review

(3)  A statement of the number of years in which the individual 
has been splicing/terminating medium voltage cable.

b.  Criteria for waiver: Items a.1 and a.2 above may be waived on 
subsequent jobs provided the following criteria is satisfied:

(1)  Documentation of prior completion of items a.1 and a.2 be 
submitted.

(2)  A list of the last three jobs where the specific 
splices/terminations were installed within the past 12 consecutive 
months.  The tabulation shall include splice/termination 
manufacturer, catalog number, and the number of 
splice/terminations installed.

c.  Requalifications:  Requalification to items a.1 and a.2 in above 
paragraph may be required if the splice installer can not 
demonstrate a prior history of splice/termination installation 
during the previous 12 consecutive months.  The contractor shall 
furnish the material for splices and terminations.

1.5.2   Test Instrument and Procedure

Submit for use of ground megger with proposed method indicated.

1.5.3   Manufacturer's Test

Submit the manufacturer's test report indicating that performance of the 
heat shrinkable joint kit is equivalent to the cable rating, in accordance 
with the applicable sections of IEEE Std 48, IEEE Std 404, and AEIC CS1.

PART 2   PRODUCTS

2.1   MATERIALS AND EQUIPMENT

2.1.1   Conduit

2.1.1.1   Rigid Metal Conduit

UL 6, galvanized steel, threaded type.
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2.1.1.2   Rigid Metal Conduit, PVC Coated

UL 6, galvanized steel, threaded type, coated with a polyvinyl chloride 
(PVC) sheath bonded to the galvanized exterior surface, nominal 40 mils 
thick, conforming to NEMA RN 1, Type A40, except that hardness shall be 
nominal 85 Shore A durometer, dielectric strength shall be minimum 400 
volts per mil at 60 Hz, tensile strength shall be minimum 3500 psi, and 
aging shall be minimum 1000 hours in an Atlas Weatherometer.

2.1.1.3   Intermediate Metal Conduit

UL 1242, galvanized steel, threaded type.

2.1.1.4   Intermediate Metal conduit, PVC Coated

UL 1242, galvanized steel, threaded type, coated with a polyvinyl chloride 
(PVC) sheath bonded to the galvanized exterior surface, nominal 40 mils 
thick, conforming to NEMA RN 1, Type A40, except that hardness shall be 
nominal 85 Shore A durometer, dielectric strength shall be minimum 400 
volts per mil at 60 Hz, tensile strength shall be minimum 3500 psi, and 
aging shall be minimum 1000 hours in an Atlas Weatherometer.

2.1.1.5   Plastic Conduit for Direct Burial

NEMA TC 2, EPC-80-PVC.

2.1.1.6   Plastic Utilities Duct for Concrete Encasement

NEMA TC 8, ASTM F 512, Type EB-35.

2.1.2   Fittings

2.1.2.1   Metal Fittings

UL 514B, threaded type.

2.1.2.2   PVC Conduit Fittings

NEMA TC 3 UL 514B, UL 651.

2.1.2.3   PVC Duct Fittings

NEMA TC 9.

2.1.2.4   Outlet Boxes for Steel Conduit

Outlet boxes for use with rigid or flexible steel conduit shall be 
cast-metal cadmium or zinc-coated if of ferrous metal with gasketed 
closures and shall conform to UL 514A.

2.1.3   Conductors Rated 600 Volts and Less

Conductor and conduit sizes indicated are for copper conductors unless 
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otherwise noted.  Insulated conductors shall have the date of manufacture 
and other identification imprinted on the outer surface of each cable at 
regular intervals throughout the cable length.  Wires and cables 
manufactured more than 12 months prior to date of delivery to the site 
shall not be used.

2.1.3.1   600 Volt Wires

Conductors in conduit shall conform to UL 83, Type THWN.  Conductor size 
and number of conductors shall be as indicated.  Conductors shall be color 
coded.  Conductor identification shall be provided within each enclosure 
where a tap, splice, or termination is made.  Conductor identification 
shall be by color-coded insulated conductors, plastic-coated self-sticking 
printed markers, colored nylon cable ties and plates, or heat shrink type 
sleeves.  Control circuit terminations shall be properly identified.  
Conductors No.  10 AWG and smaller shall be solid copper.  Conductors No. 8 
AWG and larger shall be stranded copper.  All conductors shall be copper.  

a.  Colors for coding conductors shall be:

208-VOLT SYSTEM                  480-VOLT SYSTEM

Neutral  -  White                Neutral  -  White
Phase A  -  Black                Phase A  -  Brown
Phase B  -  Red                  Phase B  -  Orange
Phase C  -  Blue                 Phase C  -  Yellow
Grounding conductor - Green      Grounding conductor - Green

2.1.4   600 Volt Wire Connector and Terminals

Shall provide a uniform compression over the entire contact surface.  
Solderless terminal lugs shall be used on stranded conductors.

a.  For use with copper conductors:  UL 486A.

2.1.5   600 Volt Splices

Provide splices with a compression connector on the conductor and by 
insulating and waterproofing using one of the following methods which are 
suitable for continuous submersion in water and comply ANSI C119.1.

a.  Provide cast-type splice insulation by means of molded casting 
process employing a thermosetting epoxy resin insulating material 
applied by a gravity poured method or by a pressure injected 
method.  Provide component materials of the resin insulation in a 
packaged form ready for convenient mixing without removing from 
the package.

b.  Gravity poured method shall employ materials and equipment 
contained in an approved commercial splicing kit which includes a 
mold suitable for the cables to be spliced.  When the mold is in 
place around the joined conductors, prepare the resin mix and pour 
into the mold.
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c.  Provide heavy wall heat shrinkable splice insulation by means of a 
thermoplastic adhesive sealant material which shall be applied by 
a clean burning propane gas torch.

d.  Provide a cold-shrink rubber splice which consists of EPDM rubber 
tube which has been factory stretched onto a spiraled core which 
is removed during splice installation.  The installation shall not 
require heat or flame, or any additional materials such as 
covering or adhesive.  It shall be designed for use with inline 
compression type connectors, or indoor, outdoor, direct-burial or 
submerged locations.

2.1.6   Medium Voltage Cable

Cable (conductor) sizes are designated by American Wire Gauge (AWG) and 
Thousand Circular Mils (Kcmil).  Conductor and conduit sizes indicated are 
for copper conductors unless otherwise noted.  Insulated conductors shall 
have the date of manufacture and other identification imprinted on the 
outer surface of each cable at regular intervals throughout cable length.  
Wires and cables manufactured more than 12 months prior to date of delivery 
to the site shall not be accepted.

Cable for 13.8 kV underground distribution system shall be ozone resistant 
ethylene-propylene-rubber-insulated (EPR) cable conforming to NEMA WC 8, as 
applicable, and AEIC CS6.  Cable shall be single conductor, employing 
concentric, Class B stranded copper conductors.  Cable shall have conductor 
and insulation shielding, and 133% insulation level.  Insulation shielding 
shall be metal tape or wire type consisting of a concentric serving of tape 
or wires according to NEMA WC 8.  Cable shall be rated 15 kV with 
insulation and jacket thickness per AEIC CSC and NEMA WC8.  Cable shall 
have a polyvinyl chloride jacket.

2.1.7   Medium Voltage Cable Terminations

IEEE Std 48 Class 1.  Provide terminations including stress control 
terminator, ground clamp, connectors, and lugs.  Terminator shall be the 
product of one manufacturer, suitable for the type and materials of the 
cable terminated.  Furnish components in the form of a "UL listed" kit, 
including complete instructions which shall be followed for assembly and 
installation.  Provide terminator as specified herein for terminating 
single conductor, solid insulated, nonmetallic jacketed type cables for 
service voltage up to 35 KV indoor and outdoor.  Do not use separate parts 
of copper or copper alloy in contact with aluminum alloy parts in the 
construction or installation of the terminator.

2.1.7.1   Outdoor Terminations

Outdoor terminator shall be cold shrink type or porcelain insulator.

a.  Cold-Shrink Type:

Terminator shall be a one-piece design, where high-dielectric constant 
(capacitive) stress control is integrated within a skirted insulator made 
of silicone rubber, munsel gray in color.  Termination shall not require 
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heat or flame for installation.  Termination kit shall contain all 
necessary materials (except for the lugs).  Termination shall be designed 
for installation in low or highly contaminated indoor and outdoor locations 
and shall be rated for continuous operation at 90 degree C, with an 
emergency overload temperature rating of 130 degree C.

2.1.7.2   Termination; Separable Insulated Connector Type

Provide as specified in Section 16272 PAD-MOUNTED TRANSFORMERS .

2.1.8   Medium Voltage Cable Joints

Provide joints (splices) in accordance with IEEE Std 404 suitable for the 
rated voltage, insulation level, and insulation type of the cable.  Upon 
request, supply manufacturer's design qualification test report in 
accordance with IEEE Std 404.  Connectors for joint shall be tin-plated 
electrolytic copper, having ends tapered and having center stops to 
equalize cable insertion.  Connectors shall be rated for voltage of 35 kV 
minimum.

a.  Heat-shrinkable joint:  Consists of a uniform cross-section 
heat-shrinkable polymeric construction with a linear stress relief 
system, a high dielectric strength insulating material, and an 
integrally bonded outer conductor layer for shielding.  Replace 
original cable jacket with a heavy-wall heat-shrinkable sleeve 
with hot-melt adhesive coating.  

b.  Watertight taped-type joint:  Consists of an approved connector, 
self-fusing or self-bonding insulating tape, self-fusing 
semiconducting tape, tinned copper shielding tape or braid, and 
plastic tape.

2.1.9   Tape

2.1.9.1   Insulating Tape

UL 510, plastic insulating tape, capable of performing in a continuous 
temperature environment of 80 degrees C.

2.1.9.2   Buried Warning and Identification Tape

Provide detectable aluminum foil plastic-backed tape or detectable magnetic 
plastic tape manufactured specifically for warning and identification of 
buried cable and conduit.  Tape shall be detectable by an electronic 
detection instrument.  Provide tape in rolls, 2 inches minimum width, color 
coded for the utility involved with warning and identification imprinted in 
bold black letters continuously and repeatedly over entire tape length.  
Warning and identification shall be CAUTION BURIED ELECTRIC or TELEPHONE 
CABLE BELOW or similar.  Use permanent code and letter coloring unaffected 
by moisture and other substances contained in trench backfill material.

2.1.9.3   Fireproofing Tape

Fireproofing tape shall be approximately 30 mils thick by 3 inches wide and 
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shall consist of a flexible, unsupported elastomer that expands in fire to 
provide a thick char buildup between the flame and the cable.  Tape shall 
be noncorrosive to cable sheath.  Tape shall not give off a smoke when 
subjected to flame or support combustion.  Tape shall not deteriorate when 
subjected to oil, water, gases, salt water, sewage, and fungus.

2.1.10   Pull Rope

Shall be plastic having a minimum tensile strength of 200 pounds.  Leave a 
minimum of 24 inches of slack at each end of the pull wires.

2.1.11   Grounding and Bonding Equipment

UL 467.  Ground rods shall be copper clad steel with diameter adequate to 
permit driving to full length of the rod, but not less than 3/4 inch in 
diameter and 10 feet long unless otherwise indicated.

2.1.12   Cable Tags

Provide as specified in Section 16050N BASIC ELECTRICAL MATERIALS AND 
METHODS.

2.2   SOURCE QUALITY CONTROL

2.2.1   Arc-Proofing Test for Cable Fireproofing Tape

Manufacturer shall test one sample assembly consisting of a straight lead 
tube 12 inches long with a 2 1/2 inch outside diameter, and a 1/8 inch 
thick wall, and covered with one-half lap layer of arc and fireproofing 
material per manufacturer's instructions.  The arc and fireproofing tape 
shall withstand extreme temperature of a high-current fault arc 13,000 
degrees K for 70 cycles as determined by using an argon directed plasma jet 
capable of constantly producing and maintaining an arc temperature of 
13,000 degrees K.  Temperature (13,000 degrees K) of the ignited arc 
between the cathode and anode shall be obtained from a dc power source of 
305 (plus or minus 5) amperes and 20 (plus or minus 1) volts.  The arc 
shall be directed toward the sample assembly accurately positioned 5 (plus 
or minus 1) millimeters downstream in the plasma from the anode orifice by 
fixed flow rate of argon gas (0.18 g per second).  Each sample assembly 
shall be tested at three unrelated points.  Start time for tests shall be 
taken from recorded peak current when the specimen is exposed to the full 
test temperature.  Surface heat on the specimen prior to that time shall be 
minimal.  The end point is established when the plasma or conductive arc 
penetrates the protective tape and strikes the lead tube.  Submittals for 
arc-proofing tape shall indicate that the test has been performed and 
passed by the manufacturer.

2.2.2   Medium Voltage Cable Tests

Results of AEIC CS5 qualification and production tests as applicable for 
each type of medium voltage cable.

PART 3   EXECUTION
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3.1   INSTALLATION

NFPA 70 and ANSI C2.

3.1.1   Contractor Damage

The Contractor shall promptly repair any indicated utility lines or systems 
damaged by Contractor operations.  Damage to lines or systems not 
indicated, which are caused by Contractor operations, shall be treated as 
"Changes" under the terms of the General Provisions of the contract.  If 
the Contractor is advised in writing of the location of a nonindicated line 
or system, such notice shall provide that portion of the line or system 
with "indicated" status in determining liability for damages.  In any 
event, the Contractor shall immediately notify the Contracting Officer of 
any such damage.

3.1.2   Concrete

Concrete work for electrical requirements shall be 3000 psiminimum ultimate 
28-day compressive strength with one inchminimum aggregate conforming to 
the requirements of Section 03300A CAST-IN-PLACE STRUCTURAL CONCRETE.

3.1.3   Underground Conduit Without Concrete Encasement

Type of conduit shall be EPC-80-PVC.  Maximum conduit size without concrete 
encasement shall be 2 inches.

3.1.3.1   Conduit Installation

Top of the conduit shall be not less than 24 inches below grade, and shall 
have a minimum slope of 3 inches in each 100 feet away from buildings and 
toward manholes and other necessary drainage points.  Run conduit in 
straight lines except where a change of direction is necessary.  As each 
conduit run is completed for conduit sizes less than 3 inches, draw a stiff 
bristle brush through until conduit is clear of particles of earth, sand 
and gravel; then immediately install conduit plugs.  Provide not less than 
3 inches clearance from the conduit to each side of the trench.  A minimum 
clearance of 2 1/2 inches shall be provided between adjacent conduits.  
Grade bottom of trench smooth; where rock, soft spots, or sharp-edged 
materials are encountered, excavate the bottom for an additional 3 inches, 
fill and tamp level with original bottom with sand or earth free from 
particles, that would be retained on a 1/4 inch sieve.  Provide color, type 
and depth of warning tape as specified in Section 02300 EARTHWORK.

3.1.3.2   Encasement Under Roads and Structures

Under roads and paved areas, install conduits in concrete encasement of 
rectangular cross-section providing a minimum of 3 inch concrete cover 
around ducts.  Concrete encasement shall extend at least 5 feet beyond the 
edges of paved areas and roads.  Conduits to be installed under existing 
paved areas which are not to be disturbed and under roads shall be 
zinc-coated, rigid steel, jacked into place.  
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3.1.3.3   Multiple Conduits

Separate multiple conduits by a minimum distance of 2 1/2 inches, except 
that light and power conduits shall be separated from control, signal, and 
telephone conduits by a minimum distance of 3 inches.  Stagger the joints 
of the conduits by rows and layers to strengthen the conduit assembly.  
Provide plastic duct spacers that interlock vertically and horizontally.  
Spacer assembly shall consist of base spacers, intermediate spacers, and 
top spacers to provide a completely enclosed and locked-in conduit 
assembly.  Install spacers per manufacturer's instructions, but provide a 
minimum of two spacer assemblies per 10 feet of conduit assembly.

3.1.4   Underground Duct with Concrete Encasement

Construct underground duct lines of individual conduits encased in 
concrete.  Except where rigid galvanized steel conduit is indicated or 
specified, the conduit shall be PVC Type EB-35.  Do not mix different kinds 
of conduit in any one duct bank.  Ducts shall not be smaller than 4 inches 
in diameter unless otherwise indicated.  Concrete encasement surrounding 
the bank shall be rectangular in cross-section and shall provide at least 3 
inches of concrete cover for ducts.  Separate conduits by a minimum 
concrete thickness of 2 1/2 inches, except separate light and power 
conduits from control, signal, and telephone conduits by a minimum concrete 
thickness of 3 inches.  Provide color, type and depth of warning tape as 
specified in Section 02300EARTHWORK.

3.1.4.1   Depth of Encasement

Top of the concrete encasement shall not be less than 18 inches below grade 
except that under roads and pavement concrete be a minimum of 24 inches 
below grade.

3.1.4.2   Slope of Encasement

Duct banks shall have a continuous slope downward toward underground 
structures and away from buildings with a minimum pitch of 3 inches in 100 
feet.  Except at conduit risers, accomplish changes in direction of runs 
exceeding a total of 10 degrees, either vertical or horizontal, by long 
sweep bends having a minimum radius of curvature of 25 feet; sweep bends 
may be made up of one or more curved or straight sections or combinations 
thereof.  Manufactured bends shall have a minimum radius of 18 inches  for 
use with conduits of less than 3 inches in diameter and a minimum radius of 
36 inches for ducts of 3 inches in diameter and larger.  Excavate trenches 
along straight lines from structure to structure before ducts are laid or 
structure constructed so the elevation can be adjusted, if necessary, to 
avoid unseen obstruction.

3.1.4.3   Conduits

Terminate conduits in end-bells where duct lines enter underground 
structures.  Stagger conduit joints by rows and layers to strengthen the 
duct bank.  Provide plastic duct spacers that interlock vertically and 
horizontally.  Spacer assembly shall consist of base spacers, intermediate 
spacers, and top spacers to provide a completely enclosed and locked-in 
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duct bank.  Install spacers per manufacture's instructions, but provide a 
minimum of two spacer assemblies per 10 feet of duct bank.  Before pouring 
concrete, anchor duct bank assemblies to prevent the assemblies from 
floating during concrete pouring.  Anchoring shall be done by driving 
reinforcing rods adjacent to every other duct spacer assembly and attaching 
the rod to the spacer assembly.

3.1.4.4   Test Mandrel

As each section of a duct line is completed from structure to structure, 
draw a flexible testing mandrel approximately 12 inches long with a 
diameter less than the diameter of the conduit through each conduit.  After 
which, draw a stiff bristle brush through the conduit, until conduit is 
clear of particles of earth, sand, and gravel; then immediately install end 
plugs.

3.1.4.5   Conduit Plugs and Pull Rope

New conduit indicated as being unused or empty shall be provided with plugs 
on each end.  Plugs shall contain a weephole or screen to allow water 
drainage.  Provide a plastic pull rope having 3 feet of slack at each end 
of unused or empty conduits.

3.1.4.6   Connections to Manholes

Duct bank envelopes connecting to underground structures shall be flared to 
have enlarged cross-section at the manhole entrance to provide additional 
shear strength.  Dimensions of the flared cross-section shall be larger 
than the corresponding manhole opening dimensions by no less than 12 inches 
in each direction.  Perimeter of the duct bank opening in the underground 
structure shall be flared toward the inside or keyed to provide a positive 
interlock between the duct bank and the wall of the structure.  Use 
vibrators when this portion of the encasement is poured to assure a seal 
between the envelope and the wall of the structure.

3.1.4.7   Connections to Existing Manholes 

For duct bank connections to existing structures, break the structure wall 
out to the dimensions required and preserve steel in the structure wall. 
Cut steel and extend into or bend out to tie into the reinforcing of the 
duct bank envelope.  Chip the perimeter surface of the duct bank opening to 
form a key or flared surface, providing a positive connection with the duct 
bank envelope.

3.1.4.8   Connections to Existing Concrete Pads

For duct bank connections to concrete pads, break an opening in the pad out 
to the dimensions required and preserve steel in pad.  Cut the steel and 
extend into or bend out to tie into the reinforcing of the duct bank 
envelope.  Chip out the opening in the pad to form a key for the duct bank 
envelope.

3.1.4.9   Connections to Existing Ducts
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Where connections to existing duct banks are indicated, excavate the banks 
to the maximum depth necessary.  Cut off the banks and remove loose 
concrete from the conduits before new concrete-encased ducts are installed. 
 Provide a reinforced concrete collar, poured monolithically with the new 
duct bank, to take the shear at the joint of the duct banks.  Remove 
existing cables which constitute interference with the work.  

3.1.4.10   Partially Completed Duct Banks

During construction wherever a construction joint is necessary in a duct 
bank, prevent debris such as mud, and, and dirt from entering ducts by 
providing suitable conduit plugs.  Fit concrete envelope of a partially 
completed duct bank with reinforcing steel extending a minimum of 2 feet 
back into the envelope and a minimum of 2 feet beyond the end of the 
envelope.  Provide one No. 4 bar in each corner,  3 inches from the edge of 
the envelope.  Secure corner bars with two No. 3 ties, spaced approximately 
one footapart.  Restrain reinforcing assembly from moving during concrete 
pouring.

3.1.4.11   Removal of Ducts

Where duct lines are removed from existing underground structures, close 
the openings to waterproof the structure.  Chip out the wall opening to 
provide a key for the new section of wall.

3.1.5   Conduit Protection at Concrete Penetrations

Galvanized conduits which penetrate concrete (slabs, pavement, and walls) 
in wet locations shall be PVC coated and shall extend from at least 2 inches
 within the concrete to the first coupling or fitting outside the concrete 
(minimum of 6 inches from penetration).

3.1.6   Buried Warning and Identification Tape

Bury tape with the printed side up at a depth of 12 inches below the top 
surface of earth or the top surface of the subgrade under pavements.

3.1.7   Cable Pulling

Test existing duct lines with a mandrel and thoroughly swab out to remove 
foreign material before pulling cables.  Pull cables down grade with the 
feed-in point at the manhole or buildings of the highest elevation.  Use 
flexible cable feeds to convey cables through manhole opening and into duct 
runs.  Do not exceed the specified cable bending radii when installing 
cable under any conditions, including turnups into switches, transformers, 
switchgear, switchboards, and other enclosures.  Cable with tape or wire 
shield shall have a bending radius not less than 12 times the overall 
diameter of the completed cable.  If basket-grip type cable-pulling devices 
are used to pull cable in place, cut off the section of cable under the 
grip before splicing and terminating.

3.1.7.1   Cable Lubricants

Use lubricants that are specifically recommended by the cable manufacturer 
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for assisting in pulling jacketed cables.  Lubricant shall not be 
deleterious to the cable sheath, jacket, or outer coverings.

3.1.7.2   Cable Pulling Tensions

Tensions shall not exceed the maximum pulling tension recommended by the 
cable manufacturer.  Monitor pulling tension during cable installation to 
ensure maximum pulling tension is not exceeded.

3.1.7.3   Secondary Cable Runs, 600 Volts and Less

Provide insulated copper equipment grounding conductor, sized as required 
by the rating of the overcurrent device supplying the phase conductors.

3.1.7.4   Cables in Manholes 

Do not install cables utilizing the shortest route, but route along those 
walls providing the longest route and the maximum spare cable lengths. Form 
cables to closely parallel walls, not to interfere with duct entrances, and 
support on brackets and cable insulators at a maximum of 18 inches.  
Support cable splices in underground structures by racks on each side of 
the splice.  Locate splices to prevent cyclic bending in the spliced 
sheath.  Install cables at middle and bottom of cable racks, leaving top 
space open for future cables, except as otherwise indicated for existing 
installations.  Provide one spare three-insulator rack arm for each cable 
rack in each underground structure. In existing manholes, handholes and 
vaults where new ducts are to be terminated or where new cables are to be 
installed, modify the existing installation of cables, cable supports and 
grounding as required for a uniform installation with cables carefully 
arranged and supported in the same manner as specified for new cable.  

3.1.7.5   Cable Tags in Manholes 

Provide cable markers (or tags) as specified in Section 16050N BASIC 
ELECTRICAL MATERIALS AND METHODS.

3.1.7.6   Conductors Installed in Parallel

Conductors shall be grouped such that each conduit of a parallel run 
contains 1 Phase A conductor, 1 Phase B conductor, 1 Phase C conductor, and 
1 neutral conductor.

3.1.8   600 Volt Cable Splicing and Terminating

Provide splices and terminations to protect 600 volts insulated power and 
lighting cables from accidental contact, deterioration of coverings and 
moisture.  Make terminations and splices with materials and methods as 
indicated or specified herein and as designated by the written instructions 
of the manufacturer.  Do not allow the cables to be moved until after the 
splicing material has completely set.  Make splices in underground 
distribution systems only in accessible locations such as manholes and 
handholes.
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3.1.8.1   Splices for 600 Volt Class Cables

Splices in underground distribution systems shall made only in accessible 
locations such as manholes and handholes, with a compression connector on 
the conductor and by insulating and waterproofing by one of the following 
methods suitable for continuous submersion in water and comply with ANSI 
C119.1.

a.  Provide cast-type splice insulation by means of molded casting 
process employing a thermosetting epoxy resin insulating material 
applied by a gravity poured method or by a pressure injected 
method.  Provide component materials of the resin insulation in a 
packaged form ready for convenient mixing without removing from 
the package.  Do not allow the cables to be moved until after the 
splicing material has completely set.

b.  Gravity poured method shall employ materials and equipment 
contained in an approved commercial splicing kit which includes a 
mold suitable for the cables to be spliced.  When the mold is in 
place around the joined conductors, prepare the resin mix and pour 
into the mold.  Do not allow cables to be moved until after the 
splicing materials have completely set.

c.  Provide heavy wall heat shrinkable splice insulation by means of a 
thermoplastic adhesive sealant material which should be applied by 
a clean burning propane gas torch.  Cables may be moved when joint 
is cool to the touch.

d.  Provide a cold-shrink rubber splice which consists of EPDM rubber 
tube which has been factory stretched onto a spiraled core which 
is removed during splice installation.  The installation shall not 
require heat or flame, or any additional materials such as 
coverings or adhesive.  It shall be designed for use with inline 
compression type connectors, or indoor, outdoor, direct-burial or 
submerged locations.

3.1.9   Medium Voltage Cable Terminations

Provide terminating devices and materials to protect medium voltage cable 
terminations from accidental contact, deterioration of coverings, and 
moisture.  Make terminations by using materials and methods specified 
herein and as designated by the written instruction of the cable 
manufacturer and termination kit manufacturer.  Termination for 
high-voltage cables shall be rated, and be capable of withstanding test 
voltages, in accordance with IEEE Std 48.  Terminations of single- and 
multiconductor cables shall include the securing and sealing of the sheath 
and insulation of the cable conductors, stress relief and grounding of 
cable shields of shielded cable, and grounding of neutral conductors, 
metallic sheaths, and armor.  Adequately support cables and cable 
terminations to avoid any excessive strain on the termination and the 
conductor connection.

3.1.10   Medium Voltage Cable Joints
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Provide power cable joints (splices) suitable for continuous immersion in 
water.  Make joints only in accessible locations in manholes or handholes 
by using materials and methods specified herein and as designated by the 
written instructions of the cable manufacturer and the joint kit 
manufacturer.  Size connectors properly for the cable being connected and 
crimp using a full circle compression tool.

a.  Make medium-voltage joints by using a kit of one manufacturer and 
with written approval of the manufacturer of the cable which is to 
be spliced.  Provide the Contracting Officer with a copy of the 
manufacturer's instructions before jointing is started.  Upon 
request, supply manufacturer's design qualification test report in 
accordance with IEEE Std 404.  Joint design shall have been proof 
tested in accordance with IEEE Std 404.  Connectors for joint 
shall be tin-plated electrolytic copper, having ends tapered and 
having center stops to equalize cable insertion.

(1)  Epoxy cast-type joint methods:  Provide cast-type joint 
insulation by means of a molded casting process employing a 
thermosetting epoxy resin insulating material which shall be 
applied by a gravity poured method or by a pressure injected 
method.  Provide component materials of the resin insulation in a 
packaged form ready for convenient mixing without removing from 
the package.  Do not allow cables to be moved until after the 
jointing material has completely set.

(2)  Watertight taped-type joint:  Consists of an approved 
connector, self-fusing tape (splicing compound), self-bonding 
semiconducting tape, tinned copper shielding tape or braid, and 
plastic tape.

(3)  Tape overcast-type joint:  Watertight taped-type, overcast 
with an epoxy resin construction for the cast-type, pressure 
method.  Provide joint suitable for the rated voltage of the 
cable, to a limit of 15 KV.

(4)  Heat-shrinkable joint:  A uniform cross-section 
heat-shrinkable polymeric construction consisting of a linear 
stress relief system, a high dielectric strength insulating 
material, and an integrally bonded outer conductor layer for 
shielding.  Replace original cable jacket with a heavy-wall 
heat-shrinkable sleeve with hot-melt adhesive coating. Provide 
joint suitable for the rated voltage of the cable.

(5)  Inline molded rubber-type joint:  The concentric neutral (CN) 
or jacketed concentric neutral (JCN) cable joint must meet the 
requirements of IEEE Std 404 for the voltage rating of the cable 
it is to be used on 15, 25 or 35 kV.  It must be rated for 
continuous operation at 90 degrees C, with an emergency overload 
temperature rating of 130 degrees C.  The joint shall be a slip-on 
design made of molded peroxide cured EPDM rubber, with a separate 
jacket over the splice and neutral wires consisting of an EPDM 
rubber tube which has been factory stretched onto a spiraled core, 
which is removed during installation.  The splice shall be rated 
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for indoor, outdoor or direct burial applications.

3.1.10.1   Joints in Shielded Cables

Cover the joined area with metallic tape, or material like the original 
cable shield and connect it to the cable shield on each side of the splice. 
 Ground ends of insulated sections terminating in potheads at the pothead 
terminal only.  Provide a bare copper ground connection brought out in a 
watertight manner and grounded to a ground rod as part of the splice 
installation.  Ground conductors, connections, and rods shall be as 
specified elsewhere in this section.  Wire shall be trained to the sides of 
the enclosure to prevent interference with the working area.

3.1.11   Cable End Caps

Cable ends shall be sealed at all times with coated heat shrinkable end 
caps.  Cables ends shall be sealed when the cable is delivered to the job 
site, while the cable is stored and during installation of the cable.  The 
caps shall remain in place until the cable is spliced or terminated.  
Sealing compounds and tape are not acceptable substitutes for heat 
shrinkable end caps.  Cable which is not sealed in the specified manner at 
all times will be rejected.

3.1.12   Fireproofing of Cables in Manholes, Handholes and Vaults

Fireproof (arc proof) wire and cables which will carry current at 2200 
volts or more in manholes, handholes, and vaults.

3.1.12.1   Fireproofing Tape

Tightly wrap strips of fireproofing tape around each cable spirally in 
half-laped wrapping.  Install tape in accordance with manufacturer's 
instructions.

3.1.13   Grounding Systems

Noncurrent-carrying metallic parts associated with electrical equipment 
shall have a maximum resistance to solid earth ground not exceeding the 
following values:

Pad-mounted transformers without protective fences:  5 ohms

Ground in manholes, handholes, and vaults:  5 ohms

Grounding other metal enclosures of primary voltage electrical and 
electrically-operated equipment:  5 ohms

Grounded secondary distribution system neutral and noncurrent-carrying 
metal parts associated with distribution systems and grounds not 
otherwise covered:  5 ohms

When work in addition to that indicated or specified is directed in order 
to obtain the specified ground resistance, the provisions of the contract 
covering "Changes" shall apply.
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Shall be as indicated, and as required by NFPA 70 and ANSI C2.

3.1.13.1   Grounding Electrodes

Provide cone pointed driven ground rods driven full depth plus 6 inches, 
installed to provide an earth ground of the appropriate value for the 
particular equipment being grounded.

3.1.13.2   Grounding Connections

Make grounding connections which are buried or otherwise normally 
inaccessible by exothermic weld.

a.  Make exothermic welds strictly in accordance with the weld 
manufacturer's written recommendations.  Welds which are "puffed 
up" or which show convex surfaces indicating improper cleaning are 
not acceptable.  Mechanical connectors are not required at 
exothermic welds.

3.1.13.3   Grounding Conductors

Grounding conductors shall be stranded-bare copper conforming to ASTM B 8, 
Class B, for sizes No. 6 AWG and larger, and shall be solid-bare copper 
conforming to ASTM B 1 for sizes No. 8 and smaller.  Cable sheaths, cable 
shields, conduit, and equipment shall be grounded with No. 6 AWG.

3.1.13.4   Ground Cable Crossing Expansion Joints

Protect ground cables crossing expansion joints or similar separations in 
structures and pavements by use of approved devices or methods of 
installation which provide the necessary slack in the cable across the 
joint to permit movement.  Use stranded or other approved flexible copper 
cable across such separations.

3.1.14   Special Conditions

During the construction of duct banks and underground structures located in 
streets, the streets shall remain open to traffic.  Plan and execute the 
work to meet this condition.  

3.1.15   Earthwork for Utilities

Section 02300 EARTHWORK.

3.1.16   Reconditioning of Surfaces

3.1.16.1   Unpaved Surfaces

Restore to their original elevation and condition unpaved surfaces 
disturbed during installation of duct.  Preserve sod and topsoil removed 
during excavation and reinstall after backfilling is completed.  Replace 
sod that is damaged by sod of quality equal to that removed.  When the 
surface is disturbed in a newly seeded area, re-seed the restored surface 
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with the same quantity and formula of seed as that used in the original 
seeding.

3.1.16.2   Paving Repairs

Where trenches, pits, or other excavations are made in existing roadways 
and other areas of pavement where surface treatment of any kind exists , 
restore such surface treatment or pavement the same thickness and in the 
same kind as previously existed, except as otherwise specified, and to 
match and tie into the adjacent and surrounding existing surfaces.  

3.1.17   Certificate of Competency for Cable Splicer/Terminator

Certification of the qualification of the cable splicer/terminator shall be 
submitted, for approval, 30 days before splices or terminations are to be 
made in medium voltage (5 kV to 35 kV) cables.  The certification shall 
include the training, and experience of the individual on the specific type 
and classification of cable to be provided under this contract.  The 
certification shall indicate that the individual has had three or more 
years recent experience splicing and terminating medium voltage cables.  
The certification shall also list a minimum of three splices/terminations 
that have been in operation for more than one year.  In addition, the 
individual may be required to perform a dummy or practice 
splice/termination in the presence of the Contracting Officer, before being 
approved as a qualified cable splicer.  If that additional requirement is 
imposed, the Contractor shall provide short sections of the approved types 
of cables along with the approved type of splice/termination kit, and 
detailed manufacturer's instructions for the cable to be spliced.  The 
Contracting Officer reserves the right to require additional proof of 
competency or to reject the individual and call for certification of an 
alternate cable splicer.

3.2   FIELD QUALITY CONTROL

As an exception to requirements that may be stated elsewhere in the 
contract, notify the Contracting Officer 5 working days prior to each test. 
 Furnish labor, equipment. and incidentals required for testing, except 
that the Government will provide electric power required for the tests.  
Correct defects in the work provided by the Contractor and repeat tests 
until the work is in compliance with contract requirements.

3.2.1   Performance of Acceptance Checks and Tests

Perform in accordance with the manufacturer's recommendations, NFPA 70B, 
NETA ATS, and referenced ANSI standards.  Include the following visual and 
mechanical inspections and electrical tests, performed in accordance with 
NETA ATS.

3.2.1.1   600 Volt Cable Tests

Perform tests after wiring is completed, connected, and ready for 
operation, but prior to placing system in service and before any branch 
circuit breaker is closed.
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a.  Visual and Mechanical Inspection

(1)  Inspect cables for physical damage and proper connection in 
accordance with contract plans and specifications.

(2)  Test cable mechanical connections to manufacturer's 
recommended values using a calibrated torque wrench.  In the 
absence of manufacturer's data use NETA recommended values.

(3)  Check cable color coding for compliance with contract 
specifications.

b.  Electrical Tests

(1)  Perform insulation-resistance test on each conductor with 
respect to ground and adjacent conductor; applied potential shall 
be 1000 volts DC for 1 minute; minimum insulation-resistance 
values shall not be less than 2 megohms.

(2)  Perform continuity test to insure proper cable connection.

3.2.1.2   Medium Voltage Cables

Perform tests after installation of cable, splices, and terminators and 
before terminating to equipment.

a.  Visual and Mechanical Inspection

(1)  Inspect exposed cable sections for physical damage.

(2)  Verify that cable is supplied and connected in accordance 
with contract plans and specifications.

(3)  Inspect for proper shield grounding, cable support, and cable 
termination.

(4)  Verify that cable bends are not less than ICEA or 
manufacturer's minimum allowable bending radius.

(5)  Inspect for proper fireproofing.

(6) If cables are terminated through window-type CT's, make an 
inspection to verify that neutrals and grounds are properly 
terminated for proper operation of protective devices.

(7)  Visually inspect jacket and insulation condition.

(8)  Inspect for proper phase identification and arrangement.

b.  Electrical Tests

(1)  Perform a shield continuity test on each power cable by 
ohmmeter method.  Record ohmic value, resistance values in excess 
of 10 ohms per 1000 feet of cable must be investigated and 
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justified.

(2)  Perform a DC high-potential test on all cables.  Adhere to 
precautions and limits as specified in the applicable NEMA/ICEA 
Standard for the specific cable.  Test procedure shall be as 
follows, and the results for each cable test shall be recorded as 
specified herein.  Field acceptance test voltage for 15 kV cable 
shall be 53 kV DC with insulated connectors.

(a)  Current-sensing circuits in test equipment shall measure only 
the leakage current associated with the cable under test and shall 
not include internal leakage of the test equipment.

(b)  Record wet- and dry-bulb temperatures or relative humidity 
and temperature.

(c)  Test each section of cable individually.

(d)  Individually test each conductor with all other conductors 
grounded; Ground all shields.

(e)  Terminations shall be properly corona-suppressed by guard 
ring, field reduction sphere, or other suitable methods as 
necessary.

(f)  Ensure that the maximum test voltage does not exceed the 
limits for terminators specified in IEEE standard 48 or 
manufacturer's specifications.

(g)  Apply the DC high-potential test in at least five equal 
increments until maximum test voltage is reached.  No increment 
shall exceed the voltage rating of the cable.  Record DC leakage 
current at each step after a constant stabilization time 
consistent with system charging current.

(h)  Raise the conductor to the specified maximum test voltage and 
hold for fifteen (15) minutes.  Record readings of leakage current 
at 30 seconds and one minute and at one-minute intervals 
thereafter.  Provide a graphic plot of readings with leakage 
current (X axis) versus voltage (Y axis) at each increment.

(i)  Reduce the conductor test potential to zero and measure 
residual voltage at discrete intervals.

(j)  Apply grounds for a time period adequate to drain all 
insulation stored charge.

(k)  When new cables are spliced into existing cables, the DC 
high-potential test shall be performed on the new cable prior to 
splicing.  After test results are approved for new cable and the 
splice is completed, an insulation-resistance test and a 
shield-continuity test shall be performed on the length of new and 
existing cable including the splice.  After a satisfactory 
insulation-resistance test, a DC high-potential test shall be 
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performed on the completed cable system utilizing a test voltage 
75 percent of new cable tested value.

3.2.1.3   Ground Rods

Perform ground resistance tests for ground rods before any wire is 
connected.  Take measurements in normally dry weather, not less than 48 
hours after rainfall.  Ground resistance shall also be measured for each 
piece of equipment and medium voltage cable splice to the ground electrode.
  Use a portable ground testing megger in accordance with manufacturer's 
instructions to test each ground or group of grounds.  The instrument shall 
be equipped with a meter reading directly in ohms or fractions thereof to 
indicate the ground value of the ground electrode under test.

       -- End of Section --
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SECTION 16402

INTERIOR DISTRIBUTION SYSTEM
08/04

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM B 1 (2001) Hard-Drawn Copper Wire

ASTM B 8 (2004) Concentric-Lay-Stranded Copper 
Conductors, Hard, Medium-Hard, or Soft

ASTM D 709 (2001) Laminated Thermosetting Materials

ELECTRONIC INDUSTRIES ALLIANCE (EIA)

EIA TIA/EIA-568-B.1 (2001; Addendum 2001) Commercial Building 
Telecommunications Cabling Standard - Part 
1: General Requirements 
(ANSI/TIA/EIA-568-B.1)

EIA TIA/EIA-569-A (1998; Addenda 2000, 2001) Commercial 
Building Standards for Telecommunications 
Pathways and Spaces (ANSI/TIA/EIA-569-A)

TIA J-STD-607-A (2002) Commercial Building Grounding 
(Earthing)  and Bonding Requirements for 
Telecommunications

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (2002) National Electrical Safety Code

IEEE Std 81 (1983) Guide for Measuring Earth 
Resistivity, Ground Impedance, and Earth 
Surface Potentials of a Ground System 
(Part 1)Normal Measurements

IEEE Std 100 (2000) IEEE Standard Dictionary of 
Electrical and Electronics Terms

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)

NETA ATS (2003) Acceptance Testing Specifications
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NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2003) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA C80.1 (1994) Rigid Steel Conduit - Zinc Coated 
(GRC)

NEMA C80.3 (1994) Electrical Metallic Tubing - Zinc 
Coated (EMT)

NEMA FU 1 (2002) Low Voltage Cartridge Fuses

NEMA ICS 1 (2000) Industrial Control and Systems: 
General Requirements

NEMA ICS 2 (2000) Industrial Controls and Systems: 
Controllers, Contactors, and Overload 
Relays Rated Not More than 2000 Volts AC 
or 750 Volts DC

NEMA ICS 4 (2000) Industrial Control and Systems: 
Terminal Blocks

NEMA ICS 6 (1993; R 2001) Industrial Control and 
Systems: Enclosures

NEMA KS 1 (2001) Enclosed and Miscellaneous 
Distribution Equipment Switches (600 Volts 
Maximum)

NEMA MG 1 (2003) Motors and Generators

NEMA MG 10 (2001) Energy Management Guide for 
Selection and Use of Fixed Frequency 
Medium AC Squirrel-Cage Polyphase 
Induction Motors

NEMA MG 11 (1977; R 1997; R 2001) Energy Management 
Guide for Selection and Use of Single 
Phase Motors

NEMA RN 1 (1998) Polyvinyl Chloride (PVC) Externally 
Coated Galvanized Rigid Steel Conduit and 
Intermediate Metal Conduit

NEMA ST 20 (1992; R 1997) Dry-Type Transformers for 
General Applications

NEMA TC 2 (2003) Electrical Polyvinyl Chloride (PVC) 
Tubing and Conduit

NEMA TC 3 (2004) Polyvinyl Chloride PVC Fittings for 
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Use with Rigid PVC Conduit and Tubing

NEMA TP 1 (2002) Guide for Determining Energy 
Efficiency for Distribution Transformers

NEMA VE 1 (2002) Metal Cable Tray Systems

NEMA WD 1 (1999) General Color Requirements for 
Wiring Devices

NEMA WD 6 (2002) Wiring Devices - Dimensional 
Requirements

NEMA Z535.4 (2002) Product Safety Signs and Labels

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2005) National Electrical Code

NFPA 70E (2004) Electrical Safety in the Workplace

NFPA 780 (2000) Installation of Lightning 
Protection Systems

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

29 CFR 1910.147 Control of Hazardous Energy (Lock Out/Tag 
Out)

UNDERWRITERS LABORATORIES (UL)

UL 1 (2000; Rev thru Mar 2004) Flexible Metal 
Conduit

UL 1063 (1998; Rev thru Jun  2001) Machine-Tools 
Wires and Cables

UL 1242 (2000; Rev thru May 2003) Electrical 
Intermediate Metal Conduit -- Steel

UL 1449 (1996; Rev thru Jul 2002) Transient 
Voltage Surge Suppressors

UL 1561 (1999; Rev thru Feb 2004) Dry-Type General 
Purpose and Power Transformers

UL 1660 (2004) Liquid-Tight Flexible Nonmetallic 
Conduit

UL 198C (1986; Rev thru Feb 
1998)High-Interrupting-Capacity Fuses, 
Current-Limiting Types

UL 198E (1988; Rev Jul 1988) Class R Fuses
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UL 198H (1988; Rev thru Nov 1993) Class T Fuses

UL 20 (2000; Rev thru Jun 2002) General-Use Snap 
Switches

UL 360 (2003) Liquid-Tight Flexible Steel Conduits

UL 44 (1999; Rev thru May 2002) 
Thermoset-Insulated Wires and Cables

UL 467 (1993; Rev thru Feb 2001) Grounding and 
Bonding Equipment

UL 486A (1997; Rev thru May 2001) Wire Connectors 
and Soldering Lugs for Use with Copper 
Conductors

UL 486C (2000; Rev thru Oct 2002) Splicing Wire 
Connectors

UL 489 (2002; Rev thru May 2003) Molded-Case 
Circuit Breakers, Molded-Case Switches, 
and Circuit-Breaker Enclosures

UL 498 (2001; Rev thru Oct 2002) Attachment Plugs 
and Receptacles

UL 50 (1995; Rev thru Sep 2003) Enclosures for 
Electrical Equipment

UL 506 (2000; Rev thru Feb 2004) Specialty 
Transformers

UL 508 (1999; Rev thru Dec 2003) Industrial 
Control Equipment

UL 510 (1994; Rev thru Apr 1998) Polyvinyl 
Chloride, Polyethylene, and Rubber 
Insulating Tape

UL 512 (1993; Rev thru Mar 1999) Fuseholders

UL 514A (2004) Metallic Outlet Boxes

UL 514B (2004) Conduit, Tubing and Cable Fittings

UL 514C (1996; Rev thru Nov 2002) Nonmetallic 
Outlet Boxes, Flush-Device Boxes, and 
Covers

UL 6 (2000; Rev thru May 2003) Rigid Metal 
Conduit

SECTION 16402  Page 8



Air Traffic Control Tower, Offutt AFB, NE OF33

UL 651 (1995; Rev thru Oct 2002) Schedule 40 and 
80 Rigid PVC Conduit

UL 67 (1993; Rev thru Nov 2003) Panelboards

UL 797 (2000; Rev thru May 2003) Electrical 
Metallic Tubing -- Steel

UL 817 (2001; Rev thru Jan 2004) Cord Sets and 
Power-Supply Cords

UL 83 (2003; Rev thru Mar 2004) 
Thermoplastic-Insulated Wires and Cables

UL 869A (1998) Reference Standard for Service 
Equipment

UL 870 (1995; Rev thru Jul 2003) Wireways, 
Auxiliary Gutters, and Associated Fittings

UL 943 (1993; Rev thru Feb 2004) Ground-Fault 
Circuit-Interrupters

UL 984 (1996) Hermetic Refrigerant 
Motor-Compressors

1.2   DEFINITIONS

Unless otherwise specified or indicated, electrical and electronics terms 
used in these specifications, and on the drawings, shall be as defined in 
IEEE Std 100.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Panelboards; G-AO

Transformers; G-AO

Cable trays; G-AO

Include wiring diagrams and installation details of equipment 
indicating proposed location, layout and arrangement, control 
panels, accessories, piping, ductwork, and other items that must 
be shown to ensure a coordinated installation.  Wiring diagrams 
shall identify circuit terminals and indicate the internal wiring 
for each item of equipment and the interconnection between each 

SECTION 16402  Page 9



Air Traffic Control Tower, Offutt AFB, NE OF33

item of equipment.  Drawings shall indicate adequate clearance for 
operation, maintenance, and replacement of operating equipment 
devices.

Wireways; G-AO

Marking strips drawings; G-AO

SD-03 Product Data

Receptacles; G-AO

Circuit breakers; G-AO

Switches; G-AO

Transformers; G-AO

Enclosed circuit breakers; G-AO

Motor controllers; G-AO

Combination motor controllers; G-AO

Manual motor starters; G-AO

Metering; G-AO

Telecommunications Grounding Busbar; G-AO

Surge protective devices; G

Submittals shall include performance and characteristic curves.

SD-06 Test Reports

600-volt wiring test; G-AO

Grounding system test; G-AO

Transformer tests; G-AO

Ground-fault receptacle test; G-AO

SD-07 Certificates

Fuses; G-AO

SD-09 Manufacturer's Field Reports

Transformer factory tests

SD-10 Operation and Maintenance Data
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Electrical Systems, Data Package 5; G-AO

Metering, Data Package 5; G-AO

Submit operation and maintenance data in accordance with Section 
01781, OPERATION AND MAINTENANCE DATA and as specified herein.

1.4   QUALITY ASSURANCE

1.4.1   Fuses

Submit coordination data as specified in paragraph, FUSES of this section.

1.4.2   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction," or words of 
similar meaning, to mean the Contracting Officer.  Equipment, materials, 
installation, and workmanship shall be in accordance with the mandatory and 
advisory provisions of NFPA 70 unless more stringent requirements are 
specified or indicated.

1.4.3   Standard Products

Provide materials and equipment that are products of manufacturers 
regularly engaged in the production of such products which are of equal 
material, design and workmanship.  Products shall have been in satisfactory 
commercial or industrial use for 2 years prior to bid opening.  The 2-year 
period shall include applications of equipment and materials under similar 
circumstances and of similar size.  The product shall have been on sale on 
the commercial market through advertisements, manufacturers' catalogs, or 
brochures during the 2-year period.  Where two or more items of the same 
class of equipment are required, these items shall be products of a single 
manufacturer; however, the component parts of the item need not be the 
products of the same manufacturer unless stated in this section.

1.4.3.1   Alternative Qualifications

Products having less than a 2-year field service record will be acceptable 
if a certified record of satisfactory field operation for not less than 
6000 hours, exclusive of the manufacturers' factory or laboratory tests, is 
furnished.

1.4.3.2   Material and Equipment Manufacturing Date

Products manufactured more than 3 years prior to date of delivery to site 
shall not be used, unless specified otherwise.

1.5   MAINTENANCE

1.5.1   Electrical Systems
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Submit operation and maintenance manuals for electrical systems that 
provide basic data relating to the design, operation, and maintenance of 
the electrical distribution system for the building.  This shall include:

a.  Single line diagram of the "as-built" building electrical system.

b.  Schematic diagram of electrical control system (other than HVAC, 
covered elsewhere).

c.  Manufacturers' operating and maintenance manuals on active 
electrical equipment.

1.6   WARRANTY

The equipment items shall be supported by service organizations which are 
reasonably convenient to the equipment installation in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

1.7   SEISMIC REQUIREMENTS

Seismic details shall conform to Section 13080, SEISMIC PROTECTION FOR 
MISCELLANEOUS EQUIPMENT and to Section 16070A, SEISMIC PROTECTION FOR 
ELECTRICAL EQUIPMENT.

PART 2   PRODUCTS

2.1   MATERIALS AND EQUIPMENT

Materials, equipment, and devices shall, as a minimum, meet requirements of 
UL, where UL standards are established for those items, and requirements of 
NFPA 70.

2.2   CONDUIT AND FITTINGS

Shall conform to the following:

2.2.1   Rigid Metallic Conduit

2.2.1.1   Rigid, Threaded Zinc-Coated Steel Conduit

NEMA C80.1, UL 6.

2.2.2   Rigid Nonmetallic Conduit

PVC Type EPC-40, and EPC-80 in accordance with NEMA TC 2,UL 651.

2.2.3   Intermediate Metal Conduit (IMC)

UL 1242, zinc-coated steel only.

2.2.4   Electrical, Zinc-Coated Steel Metallic Tubing (EMT)

UL 797, NEMA C80.3.
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2.2.5   Plastic-Coated Rigid Steel and IMC Conduit

NEMA RN 1, Type 40( 40 mils thick).

2.2.6   Flexible Metal Conduit

UL 1.

2.2.6.1   Liquid-Tight Flexible Metal Conduit, Steel

UL 360.

2.2.7   Fittings for Metal Conduit, EMT, and Flexible Metal Conduit

UL 514B.  Ferrous fittings shall be cadmium- or zinc-coated in accordance 
with UL 514B.

2.2.7.1   Fittings for Rigid Metal Conduit and IMC

Threaded-type.  Split couplings unacceptable.

2.2.7.2   Fittings for EMT

Steel compression type.

2.2.8   Fittings for Rigid Nonmetallic Conduit

NEMA TC 3 for PVC, and UL 514B.

2.2.9   Liquid-Tight Flexible Nonmetallic Conduit

UL 1660.

2.3   CABLE TRAYS

NEMA VE 1.  Cable trays shall form a wireway system, and shall be of nominal
 depth as called for on the plans.  Cable trays shall be constructed of 
steel that has been zinc-coated after fabrication.  Trays shall include 
splice and end plates, dropouts, and miscellaneous hardware.  Edges, 
fittings, and hardware shall be finished free from burrs and sharp edges.  
Fittings shall have not less than load-carrying ability of straight tray 
sections and shall have manufacturer's minimum standard radius.  Radius of 
bends shall be 36 inches.

2.3.1   Ladder-Type Cable Trays

Provide of nominal width as called for on the plans, with maximum rung 
spacing of 6 inches.

2.4   OUTLET BOXES AND COVERS

UL 514A, cadmium- or zinc-coated, if ferrous metal.  UL 514C, if 
nonmetallic.
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2.4.1   Floor Outlet Boxes

Boxes shall be adjustable and concrete tight.  Each outlet shall consist of 
cast-metal body with threaded openings, for conduits, adjustable  brass 
flange ring, and cover plate with 1 1/4 inch threaded plug.  
Telecommunications outlets shall consist of flush, aluminum or stainless 
steel housing with a receptacle as specified and one inch bushed side 
opening.  Receptacle outlets shall consist of flush aluminum or stainless 
steel housing with duplex-type receptacle as specified herein.  Provide 
gaskets where necessary to ensure watertight installation.  Provide plugs 
with installation instructions to the Contracting Officer for 5 percent of 
outlet boxes for the capping of outlets upon removal of service fittings.

2.4.2   Outlet Boxes for Telecommunications System

Provide non-metallic type 4 11/16 inches square by 2 1/8 inches deep.  
Depth of boxes shall be large enough to allow manufacturers' recommended 
conductor bend radii.  Outlet boxes for fiber optic telecommunication 
outlets shall include a minimum 3/8 inch deep single or two gang plaster 
ring as shown and installed using a minimum 1 inch conduit system.  

2.5   CABINETS, JUNCTION BOXES, AND PULL BOXES

Volume greater than 100 cubic inches, UL 50, hot-dip, zinc-coated, if sheet 
steel.

2.6   WIRES AND CABLES

Wires and cables shall meet applicable requirements of NFPA 70 and UL for 
type of insulation, jacket, and conductor specified or indicated.  Wires 
and cables manufactured more than 12 months prior to date of delivery to 
site shall not be used.

2.6.1   Conductors

Conductors No. 8 AWG and larger diameter shall be stranded.  Conductors No. 
10 AWG and smaller diameter shall be solid, except that conductors for 
remote control, alarm, and signal circuits, classes 1, 2, and 3, shall be 
stranded unless specifically indicated otherwise.  Conductor sizes and 
ampacities shown are based on copper.  All conductors shall be copper.  A 
separate equipment ground conductor and neutral conductor shall be provided 
for each cicruit. Neutral conductor shall not serve more than one circuit.

2.6.1.1   Minimum Conductor Sizes

Minimum size for branch circuits shall be No. 12 AWG; for Class 1 
remote-control and signal circuits, No. 14 AWG; for Class 2 low-energy, 
remote-control and signal circuits, No. 16 AWG; and for Class 3 low-energy, 
remote-control, alarm and signal circuits, No. 22 AWG.

2.6.2   Color Coding

Provide for service, feeder, branch, control, and signaling circuit 
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conductors.  Color shall be green for grounding conductors and white for 
neutrals; except where neutrals of more than one system are installed in 
same raceway or box, other neutrals shall be white with a different colored 
(not green) stripe for each.  Color of ungrounded conductors in different 
voltage systems shall be as follows:

a.  208/120 volt, three-phase

(1)  Phase A - black

(2)  Phase B - red

(3)  Phase C - blue

b.  480/277 volt, three-phase

(1)  Phase A - brown

(2)  Phase B - orange

(3)  Phase C - yellow

2.6.3   Insulation

Unless specified or indicated otherwise or required by NFPA 70, power and 
lighting wires shall be 600-volt,  Type THWN/THHN conforming to UL 83, 
except that grounding wire may be type TW conforming to UL 83; 
remote-control and signal circuits shall be Type TW or TF, conforming to UL 
83.  Where lighting fixtures require 90-degree Centigrade (C) conductors, 
provide only conductors with 90-degree C insulation or better.

2.6.4   Bonding Conductors

ASTM B 1, solid bare copper wire for sizes No. 8 AWG and smaller diameter; 
ASTM B 8, Class B, stranded bare copper wire for sizes No. 6 AWG and larger 
diameter.

2.6.4.1   Telecommunications Bonding Backbone (TBB)

Provide a copper conductor TBB in accordance with TIA J-STD-607-A.  The TBB 
shall be a minimum No. 6 AWG and be sized at 2 kcmil per linear foot of 
conductor length up to a maximum size of 3/0 AWG.  Provide insulated TBB 
with insulation as specified in the paragraph INSULATION and meeting the 
fire ratings of its pathway.

2.6.4.2   Bonding Conductor for Telecommunications

Provide a copper conductor Bonding Conductor for Telecommunications between 
the telecommunications main grounding busbar (TMGB) and the electrical 
service ground in accordance with TIA J-STD-607-A.  The bonding conductor 
for telecommunications shall be sized the same as the TBB.

2.6.5   Cord Sets and Power-Supply Cords
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UL 817.

2.7   SPLICES AND TERMINATION COMPONENTS

UL 486A for wire connectors and UL 510 for insulating tapes.  Connectors 
for No. 10 AWG and smaller diameter wires shall be insulated, pressure-type 
in accordance with UL 486A or UL 486C (twist-on splicing connector).  
Provide solderless terminal lugs on stranded conductors.

2.8   DEVICE PLATES

Provide UL listed, one-piece device plates for outlets to suit the devices 
installed.  For metal outlet boxes, plates on unfinished walls shall be of 
zinc-coated sheet steel or cast metal having round or beveled edges.  For 
nonmetallic boxes and fittings, other suitable plates may be provided.  
Plates on finished walls shall be nylon or lexan, minimum 0.03 inch wall 
thickness.  Plates shall be same color as receptacle or toggle switch with 
which they are mounted. Screws shall be machine-type with countersunk heads 
in color to match finish of plate.  Sectional type device plates will not 
be permitted.  Plates installed in wet locations shall be gasketed and UL 
listed for "wet locations."

2.9   SWITCHES

2.9.1   Toggle Switches

NEMA WD 1, UL 20, single pole, double pole, three-way, and four-way, 
totally enclosed with bodies of thermoplastic or thermoset plastic and 
mounting strap with grounding screw.  Handles shall be white thermoplastic. 
 Wiring terminals shall be screw-type, side-wired.  Contacts shall be 
silver-cadmium and contact arm shall be one-piece copper alloy.  Switches 
shall be rated quiet-type ac only, 120/277 volts, with current rating and 
number of poles indicated.

2.9.2   Switch with Red Pilot Handle

NEMA WD 1.  Provide pilot lights that are integrally constructed as a part 
of the switch's handle.  The pilot light shall be red and shall illuminate 
whenever the switch is closed or "on".  The pilot lighted switch shall be 
rated 20 amps and 120 volts or 277 volts as indicated.  Provide the 
circuit's neutral conductor to each switch with a pilot light.

2.9.3   Breakers Used as Switches

For 120- and 277-Volt fluorescent fixtures, mark breakers "SWD" in 
accordance with UL 489.

2.9.4   Disconnect Switches

NEMA KS 1.  Provide heavy duty-type switches where switches are rated 
higher than 240 volts and for double-throw switches. Fused switches shall 
utilize Class R fuseholders and fuses, unless indicated otherwise.  
Switches serving as motor-disconnect means shall be horsepower rated.  
Provide switches in NEMA 1 or 3R , enclosure depending on location per NEMA 
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ICS 6.

2.10   FUSES

NEMA FU 1.  Provide complete set of fuses for each fusible switch.  
Time-current characteristics curves of fuses serving motors or connected in 
series with circuit breakers or other circuit protective devices shall be 
coordinated for proper operation. Submit coordination data for approval.  
Fuses shall have voltage rating not less than circuit voltage.

2.10.1   Fuseholders

Provide in accordance with UL 512.

2.10.2   Cartridge Fuses, Current Limiting Type (Class R)

UL 198E, Class RK-1 or RK-5 time-delay type.  Associated fuseholders shall 
be Class R only.

2.10.3   Cartridge Fuses, High-Interrupting Capacity, Current Limiting Type 
(Classes J, L, and CC)

UL 198C, Class J for zero to 600 amperes, Class L for 601 to 6,000 amperes, 
and Class CC for zero to 30 amperes.

2.10.4   Cartridge Fuses, Current Limiting Type (Class T)

UL 198H, Class T for zero to 1,200 amperes, 300 volts; and zero to 800 
amperes, 600 volts.

2.11   RECEPTACLES

UL 498, hard use, heavy-duty, grounding-type.  Ratings and configurations 
shall be as indicated.  Bodies shall be of white as per NEMA WD 1.  Face 
and body shall be thermoplastic supported on a metal mounting strap.  
Dimensional requirements shall be per NEMA WD 6.  Provide screw-type, 
side-wired wiring terminals.  Connect grounding pole to mounting strap.  
The receptacle shall contain triple-wipe power contacts and double or 
triple-wipe ground contacts.

2.11.1   Weatherproof Receptacles

2.11.1.1   Damp Locations

Receptacles in damp locations shall be mounted in an outlet box with a 
gasketed, weatherproof, cast-metal cover plate (device plate, box cover) 
and a gasketed cap (hood, receptacle cover) over each receptacle opening.  
The cap shall be either a screw-on type permanently attached to the cover 
plate by a short length of bead chain or shall be a flap type attached to 
the cover with a spring loaded hinge.

2.11.1.2   Wet Locations

Receptacles in wet locations shall be installed in an assembly rated for 
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such use whether the plug is inserted or withdrawn, unless otherwise 
indicated.  In a duplex installation, the receptacle cover shall be 
configured to shield the connections whether one or both receptacles are in 
use.  Receptacle shall be UL listed for use in "wet locations with plug in 
use." 

2.11.2   Ground-Fault Circuit Interrupter Receptacles

UL 943, duplex type for mounting in standard outlet box.  Device shall be 
capable of detecting current leak of 6 milliamperes or greater and tripping 
per requirements of UL 943 for Class A GFCI devices.   Provide screw-type, 
side-wired wiring terminals or pre-wired (pigtail) leads.

2.11.3   Plugs

Provide heavy-duty, rubber-covered three-, four-, or five-wire cord of 
required size, install plugs thereon, and attach to equipment.  Plugs shall 
be UL listed with receptacles, complete with grounding blades.  Where 
equipment is not available, turn over plugs and cord assemblies to the 
Government.

2.12   PANELBOARDS

UL 67 and UL 50 having a short-circuit current rating as indicated , but 
10,000 amperes symmetrical minimum.  Panelboards for use as service 
disconnecting means shall additionally conform to UL 869A.  Panelboards 
shall be circuit breaker-equipped.  Design shall be such that individual 
breakers can be removed without disturbing adjacent units or without 
loosening or removing supplemental insulation supplied as means of 
obtaining clearances as required by UL.  "Specific breaker placement" is 
required in panelboards to match the breaker placement indicated in the 
panelboard schedule on the drawings.  Use of "Subfeed Breakers" is not 
acceptable unless specifically indicated otherwise.  Main breaker shall be 
"separately" mounted "above" branch breakers.  Where "space only" is 
indicated, make provisions for future installation of breakers.  
Directories shall indicate load served by each circuit in panelboard.  
Directories shall also indicate source of service to panelboard (e.g., 
Panel PA served from Panel MDP). Type directories and mount in holder 
behind transparent protective covering.  Panelboards shall be listed and 
labeled for their intended use.  Panelboard shall have nameplates in 
accordance with paragraph FIELD FABRICATED NAMEPLATES.

2.12.1   Enclosure

Enclosures shall meet the requirements of UL 50.  All cabinets shall be 
fabricated from sheet steel of not less than  No. 10 gauge if flush-mounted 
or mounted outdoors, and not less than No. 12 gauge if surface-mounted 
indoors, with full seam-welded box ends.  Cabinets mounted outdoors or 
flush-mounted shall be hot-dipped galvanized after fabrication.  Cabinets 
shall be painted in accordance with paragraph PAINTING.  Front edges of 
cabinets shall be form-flanged or fitted with structural shapes welded or 
riveted to the sheet steel, for supporting the panelboard front.  All 
cabinets shall be so fabricated that no part of any surface on the finished 
cabinet shall deviate from a true plane by more than 1/8 inch.  Holes shall 
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be provided in the back of indoor surface-mounted cabinets, with outside 
spacers and inside stiffeners, for mounting the cabinets with a 1/2 inch 
clear space between the back of the cabinet and the wall surface.  Flush 
doors shall be mounted on hinges that expose only the hinge roll to view 
when the door is closed.  Each door shall be fitted with a combined catch 
and lock, except that doors over 24 inches long shall be provided with a 
three-point latch having a knob with a T-handle, and a cylinder lock.  Two 
keys shall be provided with each lock, and all locks shall be keyed alike.  
Finished-head cap screws shall be provided for mounting the panelboard 
fronts on the cabinets.  Panelboard fronts shall be hinged (door-in-door) 
to allow easy access to wiring space.

2.12.2   Panelboard Buses

Support bus bars on bases independent of circuit breakers.  Main buses and 
back pans shall be designed so that breakers may be changed without 
machining, drilling, or tapping.  Provide isolated neutral bus in each 
panel for connection of circuit neutral conductors.  Provide separate 
ground bus identified as equipment grounding bus per UL 67 for connecting 
grounding conductors; bond to steel cabinet.  In addition to equipment 
grounding bus, provide second "isolated" ground bus, where indicated.

2.12.2.1   Panelboard Neutrals for Non-Linear Loads

UL listed, and panelboard type shall have been specifically UL heat rise 
tested for use on non-linear loads.  Panelboard shall be heat rise tested 
in accordance with UL 67, except with the neutral assembly installed and 
carrying 200 percent of the phase bus current during testing.  Verification 
of the testing procedure shall be provided upon request.  Two neutral 
assemblies paralleled together with cable is not acceptable.  Nameplates 
for panelboard rated for use on non-linear loads shall be marked "SUITABLE 
FOR NON-LINEAR LOADS"and shall be in accordance with paragraph FIELD 
FABRICATED NAMEPLATES.  Provide a neutral label with instructions for 
wiring the neutral of panelboards rated for use on non-linear loads.

2.12.3   Circuit Breakers

UL 489, thermal magnetic-type having a minimum short-circuit current rating 
equal to the short-circuit current rating of the panelboard in which the 
circuit breaker shall be mounted.  Breaker terminals shall be UL listed as 
suitable for type of conductor provided.  Where indicated on the drawings, 
provide circuit breakers with shunt trip devices. Series rated circuit 
breakers and plug-in circuit breakers are unacceptable.

2.12.3.1   Multipole Breakers

Provide common trip-type with single operating handle.  Breaker design 
shall be such that overload in one pole automatically causes all poles to 
open.  Maintain phase sequence throughout each panel so that any three 
adjacent breaker poles are connected to Phases A, B, and C, respectively.

2.12.3.2   Circuit Breaker With GFCI

UL 943 and NFPA 70.  Provide with "push-to-test" button, visible indication 
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of tripped condition, and ability to detect and trip on current imbalance of
 6 milliamperes or greater per requirements of UL 943 for Class A GFCI 
devices, for personnel protection, and 20 milliamperes or greater per 
requirements of UL 943 for Class B GFCI for equipment protection.

2.12.3.3   Circuit Breakers for HVAC Equipment

Circuit breakers for HVAC equipment having motors (group or individual) 
shall be marked for use with HACR type and UL listed as HACR type.

2.13   ENCLOSED CIRCUIT BREAKERS

UL 489.  Individual molded case circuit breakers with voltage and 
continuous current ratings, number of poles, overload trip setting, and 
short circuit current interrupting rating as indicated.  Enclosure type as 
indicated.  Provide solid neutral.

2.14   MOTOR SHORT-CIRCUIT PROTECTOR (MSCP)

Motor short-circuit protectors, also called motor circuit protectors 
(MCPs); shall conform to UL 508 and UL 489 and shall be provided as shown.  
MSCPs shall consist of an adjustable instantaneous trip circuit breaker 
used only in conjunction with a combination motor controller which provides 
coordinated motor branch-circuit overload and short-circuit protection.  
MSCPs shall be rated in accordance with the requirements of NFPA 70.

2.15   TRANSFORMERS

NEMA ST 20, general purpose, dry-type, self-cooled, ventilated.  Provide 
transformers in NEMA 1 enclosure.  Transformer shall have 220 degrees C 
insulation system for transformers 15 kVA and greater, and shall have 180 
degrees C insulation for transformers rated 10 kVA and less, with 
temperature rise not exceeding 80 degrees C under full-rated load in 
maximum ambient of 40 degrees C. Transformer of 80 degrees C temperature 
rise shall be capable of carrying continuously 130 percent of nameplate kVA 
without exceeding insulation rating.  Transformers shall be quiet type with 
maximum sound level at least 3 decibels less than NEMA standard level for 
transformer ratings indicated.

2.15.1   Specified Transformer Efficiency

Transformers, indicated and specified with:  480V primary, 80 degrees C 
temperature rise, kVA ratings of 37.5 to 100 for single phase or 30 to 500 
for three phase, shall be energy efficient type.  Minimum efficiency, based 
on factory test results, shall not be less than NEMA Class 1 efficiency as 
defined by NEMA TP 1.

2.15.2   Transformers With Non-Linear Loads

Transformer insulation shall be a UL recognized 220 degrees C system.  
Neither the primary nor the secondary temperature shall exceed 220 degrees 
C at any point in the coils while carrying their full rating of 
non-sinusoidal load.  Transformers are to be UL listed and labeled for 
K-Factor rating as indicated in accordance with UL 1561.  Transformers 
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evaluated by the UL K-Factor evaluation shall be listed for 80 degrees C 
average temperature rise only.  Transformers with K-Factor ratings with 
temperature rise of 150 degrees C rise shall not be acceptable.  K-Factor 
rated transformers shall have an impedance range of 3 percent to 5 percent, 
and shall have a minimum reactance of 2 percent to prevent excessive 
neutral current when supplying loads with large amounts of third harmonic.

2.16   MOTORS

All motors are to be furnished by the Division providing the equipment.  
NEMA MG 1 except fire pump motors shall be as specified in Section 13920 
FIRE PUMPS; hermetic-type sealed motor compressors shall also comply with 
UL 984.  Provide the size in terms of HP, or kVA, or full-load current, or 
a combination of these characteristics, and other characteristics, of each 
motor as indicated or specified.  Determine specific motor characteristics 
to ensure provision of correctly sized starters and overload heaters.  
Motors for operation on 208-volt, 3-phase circuits shall have terminal 
voltage rating of 200 volts, and those for operation on 480-volt, 3-phase 
circuits shall have terminal voltage rating of 460 volts.  Motors shall be 
designed to operate at full capacity with voltage variation of plus or 
minus 10 percent of motor voltage rating.  Unless otherwise indicated, 
motors rated 1 HP and above shall be continuous duty type.

Where fuse protection is specifically recommended by the equipment 
manufacturer, provide fused switches in lieu of non-fused switches 
indicated.

2.16.1   High Efficiency Single-Phase Motors

Single-phase fractional-horsepower alternating-current motors shall be high 
efficiency types corresponding to the applications listed in NEMA MG 11.  
In exception, for motor-driven equipment with a minimum seasonal or overall 
efficiency rating, such as a SEER rating, provide equipment with motor to 
meet the overall system rating indicated.

2.16.2   Premium Efficiency Polyphase Motors

Polyphase motors shall be selected based on high efficiency characteristics 
relative to typical characteristics and applications as listed in NEMA MG 10. 
 In addition, continuous rated, polyphase squirrel-cage medium induction 
motors shall meet the requirements for premium efficiency electric motors 
in accordance with NEMA MG 1, including the NEMA full load efficiency 
ratings.  In exception, for motor-driven equipment with a minimum seasonal 
or overall efficiency rating, such as a SEER rating, provide equipment with 
motor to meet the overall system rating indicated.

2.16.3   Motor Sizes

Provide size for duty to be performed, not exceeding the full-load 
nameplate current rating when driven equipment is operated at specified 
capacity under most severe conditions likely to be encountered.  When motor 
size provided differs from size indicated or specified, make adjustments to 
wiring, disconnect devices, and branch circuit protection to accommodate 
equipment actually provided.  Provide controllers for motors rated 1-hp and 

SECTION 16402  Page 21



Air Traffic Control Tower, Offutt AFB, NE OF33

above with electronic phase-voltage monitors designed to protect motors 
from phase-loss, undervoltage, and overvoltage.  Provide protection for 
motors from immediate restart by a time adjustable restart relay.

2.16.4   Wiring and Conduit

Provide internal wiring for components of packaged equipment as an integral 
part of the equipment.  Provide power wiring and conduit for 
field-installed equipment, and motor control equipment forming part of 
motor control centers or switchgear assemblies, the conduit and wiring 
connecting such centers, assemblies, or other power sources to equipment as 
specified herein.  Power wiring and conduit shall conform to the 
requirements specified herein.  Control wiring shall be provided under, and 
conform to the requirements of the section specifying the associated 
equipment.

2.17   MOTOR CONTROLLERS

UL 508, NEMA ICS 1, and NEMA ICS 2, except fire pump controllers shall be 
as specified in Section 13920 FIRE PUMPS.  All controllers shall be 
combination type with magnetic starter and circuit breaker disconnect 
switch in a common enclosure.  Controllers shall have thermal overload 
protection in each phase and shall have one spare normally open and one 
spare normally closed auxiliary contact.  Provide controllers for motors 
rated 1-hp and above with electronic phase-voltage monitors designed to 
protect motors from phase-loss, undervoltage, and overvoltage.  Provide 
protection for motors from immediate restart by a time adjustable restart 
relay.  Magnetic-type motor controllers shall have undervoltage protection 
when used with momentary-contact pushbutton stations or switches and shall 
have undervoltage release when used with maintained-contact pushbutton 
stations or switches.  When used with pressure, float, or similar 
automatic-type or maintained-contact switch, controller shall have 
hand/off/automatic selector switch.  Connections to selector switch shall 
be such that only normal automatic regulatory control devices are bypassed 
when switch is in "hand" position.  Safety control devices, such as low and 
high pressure cutouts, high temperature cutouts, and motor overload 
protective devices, shall be connected in motor control circuit in "hand" 
and "automatic" positions.  Control circuit connections to 
hand/off/automatic selector switch or to more than one automatic regulatory 
control device shall be made in accordance with indicated or manufacturer's 
approved wiring diagram. For each motor not in sight of controller or where 
controller disconnecting means is not in sight of motor location and driven 
machinery location.  Provide a manually operated, lockable, nonfused switch 
which disconnects motor from supply source within sight of motor.  Overload 
protective devices shall provide adequate protection to motor windings; be 
thermal inverse-time-limit type; and include manual reset-type pushbutton 
on outside of motor controller case.  Cover of combination motor controller 
and circuit breaker shall be interlocked with operating handle of circuit 
breaker so that cover cannot be opened unless handle of circuit breaker is 
in "off" position.  Minimum short circuit withstand rating of combination 
motor controller shall be 22,000 rms symmetrical amperes..

2.17.1   Control Wiring
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All control wire shall be stranded tinned copper switchboard wire with 
600-volt flame-retardant insulation Type SIS meeting UL 44, or Type MTW 
meeting UL 1063, and shall pass the VW-1 flame tests included in those 
standards.  Hinge wire shall have Class K stranding.  Current transformer 
secondary leads shall be not smaller than No. 10 AWG.  The minimum size of 
control wire shall be No. 14 AWG.  Power wiring for 480-volt circuits and 
below shall be of the same type as control wiring and the minimum size 
shall be No. 12 AWG.  Special attention shall be given to wiring and 
terminal arrangement on the terminal blocks to permit the individual 
conductors of each external cable to be terminated on adjacent terminal 
points.

2.17.2   Control Circuit Terminal Blocks

NEMA ICS 4.  Control circuit terminal blocks for control wiring shall be 
molded or fabricated type with barriers, rated not less than 600 volts.  
The terminals shall be removable binding, fillister or washer head screw 
type, or of the stud type with contact and locking nuts.  The terminals 
shall be not less than No. 10 in size and shall have sufficient length and 
space for connecting at least two indented terminals for 10 AWG conductors 
to each terminal.  The terminal arrangement shall be subject to the 
approval of the Contracting Officer and not less than four (4) spare 
terminals or 10 percent, whichever is greater, shall be provided on each 
block or group of blocks.  Modular, pull apart, terminal blocks will be 
acceptable provided they are of the channel or rail-mounted type.  The 
Contractor shall submit data showing that the proposed alternate will 
accommodate the specified number of wires, are of adequate current-carrying 
capacity, and are constructed to assure positive contact between 
current-carrying parts.

2.17.2.1   Types of Terminal Blocks

a.  Short-Circuiting Type:  Short-circuiting type terminal blocks 
shall be furnished for all current transformer secondary leads and 
shall have provision for shorting together all leads from each 
current transformer without first opening any circuit.  Terminal 
blocks shall meet the requirements of paragraph CONTROL CIRCUIT 
TERMINAL BLOCKS above.

b.  Load Type:  Load terminal blocks rated not less than 600 volts and 
of adequate capacity shall be provided for the conductors for NEMA 
Size 3 and smaller motor controllers and for other power circuits, 
except those for feeder tap units.  The terminals shall be of 
either the stud type with contact nuts and locking nuts or of the 
removable screw type, having length and space for at least two 
indented terminals of the size required on the conductors to be 
terminated.  For conductors rated more than 50 amperes, screws 
shall have hexagonal heads.  Conducting parts between connected 
terminals shall have adequate contact surface and cross-section to 
operate without overheating.  Each connected terminal shall have 
the circuit designation or wire number placed on or near the 
terminal in permanent contrasting color.

2.17.3   Control Circuits
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Control circuits shall have maximum voltage of 120 volts derived from 
control transformer in same enclosure.  Transformers shall conform to UL 506, 
as applicable.  Transformers, other than transformers in bridge circuits, 
shall have primaries wound for voltage available and secondaries wound for 
correct control circuit voltage.  Size transformers so that 80 percent of 
rated capacity equals connected load.  Provide disconnect switch on primary 
side.  Provide fuses in each ungrounded primary feeder.  One secondary lead 
shall be fused; other shall be grounded.

2.17.4   Enclosures for Motor Controllers

NEMA ICS 6.

2.17.5   Multiple-Speed Motor Controllers and Reversible Motor Controllers

Across-the-line-type, electrically and mechanically interlocked.  
Multiple-speed controllers shall have compelling relays and shall be 
multiple-button, station-type with pilot lights for each speed.

2.17.6   Pushbutton Stations

Provide with "start/stop" momentary contacts having one normally open and 
one normally closed set of contacts, and red lights to indicate when motor 
is running.  Stations shall be heavy duty, oil-tight design.

2.17.7   Pilot and Indicating Lights

Provide LED cluster lamps.

2.17.8   Reduced-Voltage Controllers

Provide for polyphase motors 40 horsepower and larger.  Reduced-voltage 
starters shall be single-step, closed transition solid state-type, or as 
indicated, and shall have adjustable time interval between application of 
reduced and full voltages to motors.  Wye-delta reduced voltage starter or 
part winding increment starter having adjustable time delay between 
application of voltage to first and second winding of motor may be used in 
lieu of the reduced-voltage starters for starting of centrifugally operated 
equipment, or reciprocating compressors provided with automatic unloaders.

2.18   MANUAL MOTOR STARTERS (MOTOR RATED SWITCHES)

Single, Double, or Three pole designed for flush or surface mounting with 
overload protection and pilot lights.

2.18.1   Pilot Lights

Provide yoke-mounted, seven element LED cluster light module.  Color shall 
be in accordance with NEMA ICS 2.

2.19   LOCKOUT REQUIREMENTS

Provide disconnecting means capable of being locked out for machines and 
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other equipment to prevent unexpected startup or release of stored energy 
in accordance with 29 CFR 1910.147.  Mechanical isolation of machines and 
other equipment shall be in accordance with requirements of Division 15, 
"Mechanical."

2.20   TELECOMMUNICATIONS SYSTEM

Provide system of telecommunications wire-supporting structures (pathway), 
including: outlet boxes, conduits with pull wires, cable trays, and other 
accessories for telecommunications outlets and pathway in accordance with 
EIA TIA/EIA-569-A and as specified herein.  Additional telecommunications 
requirements are specified in Section 16710, BUILDING TELECOMMUNICATIONS 
CABLING SYSTEM.

2.21   GROUNDING AND BONDING EQUIPMENT

2.21.1   Ground Rods

UL 467.  Ground rods shall be copper-clad steel, with minimum diameter of 
3/4 inch and minimum length of 10 feet.

2.21.2   Ground Bus

A copper ground bus shall be provided in the electrical equipment rooms as 
indicated.

2.21.3   Telecommunications and Grounding Busbar

Provide corrosion-resistant grounding busbar suitable for indoor 
installation in accordance with TIA J-STD-607-A.  Busbars shall be 
electrotin-plated for reduced contact resistance.  If not plated, the 
busbar shall be cleaned prior to fastening the conductors to the busbar, 
and an anti-oxidant shall be applied to the contact area to control 
corrosion and reduce contact resistance.  Provide a telecommunications main 
grounding busbar (TMGB) in the telecommunications entrance facility and a 
(TGB) in all other telecommunications rooms and equipment rooms.  The 
telecommunications main grounding busbar (TMGB) and the telecommunications 
grounding busbar (TGB) shall be sized in accordance with the immediate 
application requirements and with consideration of future growth.  Provide 
telecommunications grounding busbars with the following:

a.  Predrilled copper busbar provided with holes for use with standard 
sized lugs,

b.  Minimum dimensions of 0.25 in thick x 4 in wide for the TMGB and 2 
in wide for TGBs with length as indicated;

c.  Listed by a nationally recognized testing laboratory.

2.22   MANUFACTURER'S NAMEPLATE

Each item of equipment shall have a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
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acceptable.

2.23   FIELD FABRICATED NAMEPLATES

ASTM D 709.  Provide laminated plastic nameplates for each equipment 
enclosure, relay, switch, and device; as specified or as indicated on the 
drawings.  Each nameplate inscription shall identify the function and, when 
applicable, the position.  Nameplates shall be melamine plastic, 0.125 inch 
thick, white with black center core. Surface shall be matte finish.  
Corners shall be square.  Accurately align lettering and engrave into the 
core.  Minimum size of nameplates shall be one by 2.5 inches.  Lettering 
shall be a minimum of 0.25 inch high normal block style.

2.24   WARNING SIGNS

Provide warning signs for flash protection in accordance with NFPA 70E and 
NEMA Z535.4 for switchboards, panelboards, industrial control panels, and 
motor control centers that are in other than dwelling occupancies and are 
likely to require examination, adjustment, servicing, or maintenance while 
energized.  Provide field installed signs to warn qualified persons of 
potential electric arc flash hazards when warning signs are not provided by 
the manufacturer.  The marking shall be clearly visible to qualified 
persons before examination, adjustment, servicing, or maintenance of the 
equipment.

2.25   FIRESTOPPING MATERIALS

Provide firestopping around electrical penetrations in accordance with 
Section 07840, FIRESTOPPING .

2.26   WIREWAYS

UL 870.  Material shall be steel galvanized 16 gauge for heights and depths 
up to 6 by 6 inches, and 14 gauge for heights and depths up to 12 by 12 
inches.  Provide in length required for the application with screw- cover 
NEMA 1 or 3R enclosure per NEMA ICS 6.

2.27   SURGE PROTECTIVE DEVICES

Provide parallel type surge protective devices which comply with UL 1449 at 
the service entrance  and panelboards as indicated.  Provide surge 
protectors in a NEMA 1 enclosure per NEMA ICS 6.  Provide the following 
modes of protection:

      FOR SINGLE PHASE AND THREE PHASE WYE CONNECTED SYSTEMS-
            Each phase to neutral ( L-N)
            Neutral to ground ( N-G)
            Phase to ground ( L-G)
            Phase to phase (L-L)

Surge protective devices at the service entrance shall have a minimum surge 
current rating of 80,000 amperes per mode minimum and downstream protectors 
shall be rated 40,000 amperes per mode minimum.  The maximum line to 
neutral (L-N) Suppressed Voltage Rating (SVR) shall be:
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      500V for 208Y/120V, three phase system
      900V for 480Y/277V, three phase system

The minimum MCOV (Maximum Continuous Operating Voltage) rating shall be:

      300/150V for 208Y/120V, three phase system
      600/320V for 480Y/277V, three phase system

EMI/RFI filtering shall be provided for each mode with the capability to 
attenuate high frequency noise.  Minimum attenuation shall be 20db.

2.28   FACTORY APPLIED FINISH

Electrical equipment shall have factory-applied painting systems which 
shall, as a minimum, meet the requirements of NEMA 250 corrosion-resistance 
test and the additional requirements as specified herein.  Interior and 
exterior steel surfaces of equipment enclosures shall be thoroughly cleaned 
and then receive a rust-inhibitive phosphatizing or equivalent treatment 
prior to painting.  Exterior surfaces shall be free from holes, seams, 
dents, weld marks, loose scale or other imperfections.  Interior surfaces 
shall receive not less than one coat of corrosion-resisting paint in 
accordance with the manufacturer's standard practice.  Exterior surfaces 
shall be primed, filled where necessary, and given not less than two coats 
baked enamel with semigloss finish.  Equipment located indoors shall be 
ANSI Light Gray, and equipment located outdoors shall be ANSI Light Gray.  
Provide manufacturer's coatings for touch-up work and as specified in 
paragraph FIELD APPLIED PAINTING.

2.29   SOURCE QUALITY CONTROL

2.29.1   Transformer Factory Tests

Submittal shall include routine NEMA ST 20 transformer test results on each 
transformer and also contain the results of NEMA "design" and "prototype" 
tests that were made on transformers electrically and mechanically equal to 
those specified.

2.30   COORDINATED POWER SYSTEM PROTECTION

Analyses shall be prepared as specified in Section 16475A, COORDINATED 
POWER SYSTEM PROTECTION.

PART 3   EXECUTION

3.1   INSTALLATION

Electrical installations, including weatherproof and hazardous locations 
and ducts, plenums and other air-handling spaces, shall conform to 
requirements of NFPA 70 and IEEE C2 and to requirements specified herein.

3.1.1   Underground Service

Underground service conductors and associated conduit shall be continuous 
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from service entrance equipment to outdoor power system connection.

3.1.2   Hazardous Locations

Work in hazardous locations, as defined by NFPA 70, shall be performed in 
strict accordance with NFPA 70 for particular "Class," "Division," and 
"Group" of hazardous locations involved.  Provide conduit and cable seals 
where required by NFPA 70.  Conduit shall have tapered threads.

3.1.3   Service Entrance Identification

Service entrance disconnect devices, switches, and enclosures shall be 
labeled and identified as such.

3.1.3.1   Labels

Wherever work results in service entrance disconnect devices in more than 
one enclosure, as permitted by NFPA 70, each enclosure, new and existing, 
shall be labeled as one of several enclosures containing service entrance 
disconnect devices.  Label, at minimum, shall indicate number of service 
disconnect devices housed by enclosure and shall indicate total number of 
enclosures that contain service disconnect devices.  Provide laminated 
plastic labels conforming to paragraph FIELD FABRICATED NAMEPLATES.  Use 
lettering of at least 0.25 inch in height, and engrave on black-on-white 
matte finish.  Service entrance disconnect devices in more than one 
enclosure, shall be provided only as permitted by NFPA 70.

3.1.4   Wiring Methods

Provide insulated conductors installed in rigid steel conduit, IMC, rigid 
nonmetallic conduit, or EMT, except where specifically indicated or 
specified otherwise or required by NFPA 70 to be installed otherwise.  
Grounding conductor shall be separate from electrical system neutral 
conductor.  Provide insulated green equipment grounding conductor for 
circuit(s) installed in conduit and raceways.  Shared neutral, or 
multi-wire branch circuits, are not permitted on any circuit.  Minimum 
conduit size shall be 1/2 inch in diameter for low voltage lighting and 
power circuits.  Vertical distribution in multiple story buildings shall be 
made with metal conduit in fire-rated shafts.  Metal conduit shall extend 
through shafts for minimum distance of 6 inches.  Conduit which penetrates 
fire-rated walls, fire-rated partitions, or fire-rated floors shall be 
firestopped in accordance with Section 07840, FIRESTOPPING.

3.1.4.1   Pull Wire

Install pull wires in empty conduits.  Pull wire shall be plastic having 
minimum 200-pound force tensile strength.  Leave minimum 36 inches of slack 
at each end of pull wire.

3.1.5   Conduit Installation

Unless indicated otherwise, conceal conduit under floor slabs and within 
finished walls, ceilings, and floors.  Keep conduit minimum  6 inches away 
from parallel runs of flues and steam or hot water pipes.  Install conduit 
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parallel with or at right angles to ceilings, walls, and structural members 
where located above accessible ceilings and where conduit will be visible 
after completion of project.  Run conduits under floor slab as if exposed.

3.1.5.1   Restrictions Applicable to EMT

a.  Do not install underground.

b.  Do not encase in concrete, mortar, grout, or other cementitious 
materials.

c.  Do not use in areas subject to severe physical damage including 
but not limited to equipment rooms where moving or replacing 
equipment could physically damage the EMT.

d.  Do not use in hazardous areas.

e.  Do not use outdoors.

f.  Do not use in fire pump rooms.

3.1.5.2   Restrictions Applicable to Nonmetallic Conduit

a.  PVC Schedule 40 and PVC Schedule 80

(1)  Do not use in areas where subject to severe physical damage, 
including but not limited to, mechanical equipment rooms, 
electrical equipment rooms, hospitals, power plants, missile 
magazines, and other such areas.

(2)  Do not use in hazardous (classified) areas.

(3)  Do not use in fire pump rooms.

(4)  Do not use in penetrating fire-rated walls or partitions, or 
fire-rated floors.

(5)  Do not use above grade.

(6)  All elbows shall be metallic.

3.1.5.3   Restrictions Applicable to Flexible Conduit

Use only as specified in paragraph FLEXIBLE CONNECTIONS.  

3.1.5.4   Service Entrance Conduit, Underground

PVC, Type-EPC 40, galvanized rigid steel or steel IMC.  Underground portion 
shall be encased in minimum of 3 inches of concrete and shall be installed 
minimum 18 inches below slab or grade.

3.1.5.5   Underground Conduit Other Than Service Entrance
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Plastic-coated rigid steel; plastic-coated steel IMC; PVC, Type EPC-40.  
Convert nonmetallic conduit, other than PVC Schedule 40 or 80, to 
plastic-coated rigid, or IMC, steel conduit before rising through floor 
slab.  Plastic coating shall extend minimum 6 inches above floor.

3.1.5.6   Conduit Installed Under Floor Slabs

Conduit run under floor slab shall be located a minimum of 12 inches below 
the vapor barrier.  Seal around conduits at penetrations thru vapor barrier.

3.1.5.7   Conduit Through Floor Slabs

Where conduits rise through floor slabs, curved portion of bends shall not 
be visible above finished slab.

3.1.5.8   Conduit Installed in Concrete Floor Slabs

Rigid steel; steel IMC. Locate so as not to adversely affect structural 
strength of slabs.  Install conduit within middle one-third of concrete 
slab.  Do not stack conduits. Space conduits horizontally not closer than 
three diameters, except at cabinet locations.  Curved portions of bends 
shall not be visible above finish slab.  Increase slab thickness as 
necessary to provide minimum one inch cover over conduit.  Where embedded 
conduits cross building and/or expansion joints, provide suitable 
watertight expansion/deflection fittings and bonding jumpers.  
Expansion/deflection fittings shall allow horizontal and vertical movement 
of raceway.  Conduit larger than one inch trade size shall be parallel with 
or at right angles to main reinforcement; when at right angles to 
reinforcement, conduit shall be close to one of supports of slab.  Where 
nonmetallic conduit is used when running from below grade level slabs, 
raceway shall be converted to plastic coated rigid steel or plastic coated  
steel IMC before rising above floor, unless specifically indicated.

3.1.5.9   Stub-Ups

Provide conduits stubbed up through concrete floor for connection to 
free-standing equipment with adjustable top or coupling threaded inside for 
plugs, set flush with finished floor.  Extend conductors to equipment in 
rigid steel conduit, except that flexible metal conduit may be used 6 inches
 above floor.  Where no equipment connections are made, install 
screwdriver-operated threaded flush plugs in conduit end.

3.1.5.10   Conduit Support

Support conduit by pipe straps, wall brackets, hangers, or ceiling trapeze. 
Fasten by wood screws to wood; by toggle bolts on hollow masonry units; by 
concrete inserts or expansion bolts on concrete or brick; and by machine 
screws, welded threaded studs, or spring-tension clamps on steel work. 
Threaded C-clamps may be used on rigid steel conduit only.  Do not weld 
conduits or pipe straps to steel structures.  Load applied to fasteners 
shall not exceed one-fourth proof test load.  Fasteners attached to 
concrete ceiling shall be vibration resistant and shock-resistant.  Holes 
cut to depth of more than 1 1/2 inches in reinforced concrete beams or to 
depth of more than 3/4 inch in concrete joints shall not cut main 
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reinforcing bars.  Fill unused holes.  In partitions of light steel 
construction, use sheet metal screws.  In suspended-ceiling construction, 
run conduit above ceiling.  Do not support conduit by ceiling support 
system.  Conduit and box systems shall be supported independently of both 
(a) tie wires supporting ceiling grid system, and (b) ceiling grid system 
into which ceiling panels are placed.  Supporting means shall not be shared 
between electrical raceways and mechanical piping or ducts.  Installation 
shall be coordinated with above-ceiling mechanical systems to assure 
maximum accessibility to all systems.  Spring-steel fasteners may be used 
for lighting branch circuit conduit supports in suspended ceilings in dry 
locations.   Support exposed risers in wire shafts of multistory buildings 
by U-clamp hangers at each floor level and at 10 foot maximum intervals. 
Where conduit crosses building expansion joints, provide suitable expansion 
fitting that maintains conduit electrical continuity by bonding jumpers or 
other means.  For conduits greater than 2 1/2 inches inside diameter, 
provide supports to resist forces of 0.5 times the equipment weight in any 
direction and 1.5 times the equipment weight in the downward direction.

3.1.5.11   Directional Changes in Conduit Runs

Make changes in direction of runs with symmetrical bends or cast-metal 
fittings.  Make field-made bends and offsets with hickey or conduit-bending 
machine.  Do not install crushed or deformed conduits.  Avoid trapped 
conduits.  Prevent plaster, dirt, or trash from lodging in conduits, boxes, 
fittings, and equipment during construction.  Free clogged conduits of 
obstructions.

3.1.5.12   Locknuts and Bushings

Fasten conduits to sheet metal boxes and cabinets with two locknuts where 
required by NFPA 70, where insulated bushings are used, and where bushings 
cannot be brought into firm contact with the box; otherwise, use at least 
minimum single locknut and bushing.  Locknuts shall have sharp edges for 
digging into wall of metal enclosures.  Install bushings on ends of 
conduits, and provide insulating type where required by NFPA 70.

3.1.5.13   Flexible Connections

Provide flexible steel conduit between 3 and 6 feet in length for recessed 
and semirecessed lighting fixtures.  Install flexible conduit to allow 20 
percent slack.  Minimum flexible steel conduit size shall be  1/2 inch 
diameter.  Provide liquidtight flexible conduit in wet and damp locations 
and in fire pump rooms and for equipment subject to vibration, noise 
transmission, movement or motors.  Provide separate ground conductor across 
flexible connections.

3.1.5.14   Telecommunications and Signal System Pathway

Install telecommunications pathway in accordance with EIA TIA/EIA-569-A.

a.  Horizontal Pathway:  Telecommunications pathways from the work 
area to the telecommunications room shall be installed and cabling 
length requirements in accordance with EIA TIA/EIA-568-B.1.  Size 
conduits in accordance with EIA TIA/EIA-569-A and as indicated.
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b.  Backbone Pathway:  Telecommunication pathways from the 
telecommunications entrance facility to telecommunications rooms, 
and, telecommunications equipment rooms (backbone cabling) shall 
be installed in accordance with EIA TIA/EIA-569-A.  Size conduits 
for telecommunications risers in accordance with EIA TIA/EIA-569-A 
and as indicated.

c.  Communication raceways shall be installed in accordance with 
the previous requirements for conduit and tubing and with the 
additional requirements that no length of run shall extend 50 feet 
for 1/2 inch and 3/4 inch sizes and 100 feet for 1 inch or larger 
sizes, and shall not contain more than two 90 degree bends or the 
equivalent.  Additional pull or junction boxes shall be installed 
to comply with these limitations whether or not indicated.  Inside 
radii of bends in conduits of 1 inch size or larger shall be not 
less than ten times the nominal diameter.

3.1.6   Cable Tray Installation

Install cable trays parallel with or at right angles to ceilings, walls, 
and structural members.  Support at maximum 6 foot intervals.  In addition, 
install and ground telecommunications cable tray in accordance with EIA 
TIA/EIA-569-A, and TIA J-STD-607-A Edges, fittings, and hardware shall be 
finished free from burrs and sharp edges.  Provide No. 2 AWG bare copper 
wire throughout cable tray system, and bond to each section.  Conductors 
that run though smoke and fire partitions shall be installed in 4 inch 
rigid steel conduits with grounding bushing, extending 12 inches beyond 
each side of partitions.  Seal conduit on both ends to maintain smoke and 
fire ratings of partitions.  Provide supports to resist forces of 0.5 times 
the equipment weight in any direction and 1.5 times the equipment weight in 
the downward direction.

3.1.7   Boxes, Outlets, and Supports

Provide boxes in wiring and raceway systems wherever required for pulling 
of wires, making connections, and mounting of devices or fixtures.  Boxes 
for metallic raceways shall be cast-metal, hub-type when located in wet 
locations, when surface mounted on outside of exterior surfaces, when 
surface mounted on interior walls exposed up to 7 feet above floors and 
walkways, and when specifically indicated.  Boxes in other locations shall 
be sheet steel.  Each box shall have volume required by NFPA 70 for number 
of conductors enclosed in box.  Boxes for mounting lighting fixtures shall 
be minimum 4 inches square, or octagonal, except that smaller boxes may be 
installed as required by fixture configurations, as approved.  Boxes for 
use in masonry-block or tile walls shall be square-cornered, tile-type, or 
standard boxes having square-cornered, tile-type covers.  Provide gaskets 
for cast-metal boxes installed in wet locations and boxes installed flush 
with outside of exterior surfaces.  Provide separate boxes for flush or 
recessed fixtures when required by fixture terminal operating temperature; 
fixtures shall be readily removable for access to boxes unless ceiling 
access panels are provided.  Support boxes and pendants for surface-mounted 
fixtures on suspended ceilings independently of ceiling supports.  Fasten 
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boxes and supports with wood screws on wood, with bolts and expansion 
shields on concrete or brick, with toggle bolts on hollow masonry units, 
and with machine screws or welded studs on steel.  Threaded studs driven in 
by powder charge and provided with lockwashers and nuts or nail-type nylon 
anchors may be used in lieu of wood screws, expansion shields, or machine 
screws.  In open overhead spaces, cast boxes threaded to raceways need not 
be separately supported except where used for fixture support; support 
sheet metal boxes directly from building structure or by bar hangers.  
Where bar hangers are used, attach bar to raceways on opposite sides of 
box, and support raceway with approved-type fastener maximum 24 inches from 
box.  When penetrating reinforced concrete members, avoid cutting 
reinforcing steel.

3.1.7.1   Boxes

Boxes for use with raceway systems shall be minimum 1 1/2 inches deep, 
except where shallower boxes required by structural conditions are 
approved.  Boxes for other than lighting fixture outlets shall be minimum  
4 inches square, except that 4 by 2 inch boxes may be used where only one 
raceway enters outlet.  Telecommunications outlets shall be a minimum of 4 
11/16 inches square by 2 1/8 inches deep, except for wall mounted telephones
 and outlet boxes for handicap telephone stations.  Mount outlet boxes 
flush in finished walls.

3.1.7.2   Pull Boxes

Construct of at least minimum size required by NFPA 70 of code-gauge 
aluminum or galvanized sheet steel,  and compatible with nonmetallic 
raceway systems, except where cast-metal boxes are required in locations 
specified herein.  Provide boxes with screw-fastened covers.  Where several 
feeders pass through common pull box, tag feeders to indicate clearly 
electrical characteristics, circuit number, and panel designation.

3.1.7.3   Extension Rings

Extension rings are not permitted for new construction.  Use only on 
existing boxes in concealed conduit systems where wall is furred out for 
new finish.

3.1.8   Mounting Heights

Mount panelboards, enclosed circuit breakers, motor controller and 
disconnecting switches so height of operating handle at its highest 
position is maximum 78 inches above floor.  Mount lighting switches and 
handicapped telecommunications stations 48 inches above finished floor.  
Mount receptacles and telecommunications outlets 18 inches above finished 
floor, unless otherwise indicated.  Wall-mounted telecommunications outlets 
shall be mounted at height 57 inches above finished floor.  Mount other 
devices as indicated.  Measure mounting heights of wiring devices and 
outlets to center of device or outlet.

3.1.9   Conductor Identification

Provide conductor identification within each enclosure where tap, splice, 
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or termination is made.  For conductors No. 6 AWG and smaller diameter, 
color coding shall be by factory-applied, color-impregnated insulation.  
For conductors No. 4 AWG and larger diameter, color coding shall be by 
plastic-coated, self-sticking markers; colored nylon cable ties and plates; 
or heat shrink-type sleeves.  Identify control circuit terminations in 
accordance with Section 15951, DIRECT DIGITAL CONTROL FOR HVAC AND OTHER 
LOCAL BUILDING SYSTEMS.  Provide telecommunications system conductor 
identification as specified in Section 16710, BUILDING TELECOMMUNICATIONS 
CABLING SYSTEMS.

3.1.9.1   Marking Strips

White or other light-colored plastic marking strips, fastened by screws to 
each terminal block, shall be provided for wire designations.  The wire 
numbers shall be made with permanent ink.  The marking strips shall be 
reversible to permit marking both sides, or two marking strips shall be 
furnished with each block.  Marking strips shall accommodate the two sets 
of wire numbers.  Each device to which a connection is made shall be 
assigned a device designation in accordance with NEMA ICS 1 and each device 
terminal to which a connection is made shall be marked with a distinct 
terminal marking corresponding to the wire designation used on the 
Contractor's schematic and connection diagrams.  The wire (terminal point) 
designations used on the Contractor's wiring diagrams and printed on 
terminal block marking strips may be according to the Contractor's standard 
practice; however, additional wire and cable designations for 
identification of remote (external) circuits shall be provided for the 
Government's wire designations.  Prints of the marking strips drawings 
submitted for approval will be so marked and returned to the Contractor for 
addition of the designations to the terminal strips and tracings, along 
with any rearrangement of points required.

3.1.10   Splices

Make splices in accessible locations.  Make splices in conductors No. 10 
AWG and smaller diameter with insulated, pressure-type connector.  Make 
splices in conductors No. 8 AWG and larger diameter with solderless 
connector, and cover with insulation material equivalent to conductor 
insulation.

3.1.11   Covers and Device Plates

Install with edges in continuous contact with finished wall surfaces 
without use of mats or similar devices.  Plaster fillings are not 
permitted.  Install plates with alignment tolerance of 1/16 inch.  Use of 
sectional-type device plates are not permitted.  Provide gasket for plates 
installed in wet locations.

3.1.12   Electrical Penetrations

Seal openings around electrical penetrations through fire resistance-rated 
walls, partitions, floors, or ceilings in accordance with Section 07840, 
FIRESTOPPING.

3.1.13   Grounding and Bonding
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Provide In accordance with NFPA 70 and NFPA 780.  Ground exposed, 
non-current-carrying metallic parts of electrical equipment, access 
flooring support system, metallic raceway systems, grounding conductor in 
metallic and nonmetallic raceways, telecommunications system grounds, and 
neutral conductor of wiring systems.  Make ground connection at main 
service equipment, and extend grounding conductor to point of entrance of 
metallic water service.  Make connection to water pipe by suitable ground 
clamp or lug connection to plugged tee. If flanged pipes are encountered, 
make connection with lug bolted to street side of flanged connection.  
Supplement metallic water service grounding system with additional made 
electrode in compliance with NFPA 70.  Make ground connection to driven 
ground rods on exterior of building.  Interconnect all grounding media in 
or on the structure to provide a common ground potential.  This shall 
include lightning protection, electrical service, telecommunications system 
grounds, as well as underground metallic piping systems.  Interconnection 
to the gas line shall be made on the customer's side of the meter.  Use 
main size lightning conductors for interconnecting these grounding systems 
to the lightning protection system.  In addition to the requirements 
specified herein, provide telecommunications grounding in accordance with 
TIA J-STD-607-A.  Where ground fault protection is employed, ensure that 
connection of ground and neutral does not interfere with correct operation 
of fault protection.

3.1.13.1   Ground Rods

Provide cone pointed ground rods.  The resistance to ground shall be 
measured using the fall-of-potential method described in IEEE Std 81.  The 
maximum resistance of a single driven ground shall not exceed 25 ohms under 
normally dry conditions.  If the resultant resistance exceeds 25 ohms 
measured not less than 48 hours after rainfall, notify the Contracting 
Officer who will decide on the number of ground rods to add.

 3.1.13.2   Grounding Connections

Make grounding connections which are buried or otherwise normally 
inaccessible, excepting specifically those connections for which access for 
periodic testing is required, by exothermic weld.

a.  Make exothermic welds strictly in accordance with the weld 
manufacturer's written recommendations.  Welds which are "puffed 
up" or which show convex surfaces indicating improper cleaning are 
not acceptable.  Mechanical connectors are not required at 
exothermic welds.

3.1.13.3   Ground Bus

A copper ground bus shall be provided in the electrical equipment rooms as 
indicated. Noncurrent-carrying metal parts of transformer neutrals and 
other electrical equipment shall be effectively grounded by bonding to the 
ground bus.  The ground bus shall be bonded to both the entrance ground, 
and to a ground rod or rods as specified above having the upper ends 
terminating approximately 4 inches above the floor.  Connections and 
splices shall be of the brazed, welded, bolted, or pressure-connector type, 

SECTION 16402  Page 35



Air Traffic Control Tower, Offutt AFB, NE OF33

except that pressure connectors or bolted connections shall be used for 
connections to removable equipment.  For raised floor equipment rooms a 
minimum of 4, one at each corner, ground buses shall be provided and 
connected to the building grounding system.  Connections shall be bolted 
type in lieu of thermoweld, so they can be changed as required by additions 
and/or alterations.

3.1.13.4   Resistance

Maximum resistance-to-ground of grounding system shall not exceed 5 ohms 
under dry conditions.  Where resistance obtained exceeds 5 ohms, contact 
Contracting Officer for further instructions.

3.1.13.5   Telecommunications System

Provide telecommunications grounding in accordance with the following:

a.  Telecommunications Grounding Busbars:  Provide a 
telecommunications main grounding busbar (TMGB) in the 
telecommunications entrance facility.  The TMGB shall be as close 
to the electrical service entrance grounding connection as 
practicable.  Provide a telecommunications grounding busbar (TGB) 
in all other telecommunications rooms and telecommunications 
equipment rooms.  The TGB shall be as close to the 
telecommunications room panelboard as practicable, when equipped.  
Where a panelboard for telecommunications equipment is not 
installed in the telecommunications room, the TGB shall be located 
near the backbone cabling and associated terminations. In 
addition, the TGB shall be placed to provide for the shortest and 
straightest routing of the grounding conductors.  Where a 
panelboard for telecommunications equipment is located within the 
same room or space as a TGB, that panelboard’s alternating current 
equipment ground (ACEG) bus (when equipped) or the panelboard 
enclosure shall be bonded to the TGB.  Telecommunications 
grounding busbars shall be installed to maintain clearances as 
required by NFPA 70 and shall be insulated from its support.  A 
minimum of 2 inches separation from the wall is recommended to 
allow access to the rear of the busbar and the mounting height 
shall be adjusted to accommodate overhead or underfloor cable 
routing.

b.  Telecommunications Bonding Conductors:  Provide main 
telecommunications service equipment ground consisting of separate 
bonding conductor for telecommunications, between the TMGB and 
readily accessible grounding connection of the electrical service. 
 Grounding and bonding conductors should not be placed in ferrous 
metallic conduit.  If it is necessary to place grounding and 
bonding conductors in ferrous metallic conduit that exceeds 3 feet 
in length, the conductors shall be bonded to each end of the 
conduit using a grounding bushing or a No. 6 AWG conductor, 
minimum.  Provide a telecommunications bonding backbone (TBB) that 
originates at the TMGB extends throughout the building using the 
telecommunications backbone pathways, and connects to the TGBs in 
all telecommunications rooms and equipment rooms.  The TBB 
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conductors shall be installed and protected from physical and 
mechanical damage.  The TBB conductors should be installed without 
splices and routed in the shortest possible straight-line path.  
The bonding conductor between a TBB and a TGB shall be continuous. 
 Where splices are necessary, the number of splices should be a 
minimum and they shall be accessible and located in 
telecommunications spaces.  Joined segments of a TBB shall be 
connected using exothermic welding, irreversible compression-type 
connectors, or equivalent.  All joints shall be adequately 
supported and protected from damage.  Whenever two or more TBBs 
are used within a multistory building, the TBBs shall be bonded 
together with a grounding equalizer (GE) at the top floor and at a 
minimum of every third floor in between.  The TBB and GE shall not 
be connected to the pathway ground, except at the TMGB or the TGB.

c.  Telecommunications Grounding Connections:  Telecommunications 
grounding connections to the TMGB or TGB shall utilize listed 
compression two-hole lugs, exothermic welding, suitable and 
equivalent one hole non-twisting lugs, or other irreversible 
compression type connections.  All metallic pathways, cabinets, 
and racks for telecommunications cabling and interconnecting 
hardware located within the same room or space as the TMGB or TGB 
shall be bonded to the TMGB or TGB respectively.  In a metal frame 
(structural steel) building, where the steel framework is readily 
accessible within the room; each TMGB and TGB shall be bonded to 
the vertical steel metal frame using a minimum No. 6 AWG 
conductor.  Where the metal frame is external to the room and 
readily accessible, the metal frame shall be bonded to the TGB or 
TMGB with a minimum No. 6 AWG conductor.  When practicable because 
of shorter distances and, where horizontal steel members are 
permanently electrically bonded to vertical column members, the 
TGB may be bonded to these horizontal members in lieu of the 
vertical column members.  All connectors used for bonding to the 
metal frame of a building shall be listed for the intended purpose.

3.1.14   Equipment Connections

Provide power wiring for the connection of motors and control equipment 
under this section of the specification.  Except as otherwise specifically 
noted or specified, automatic control wiring, control devices, and 
protective devices within the control circuitry are not included in this 
section of the specifications but shall be provided under the section 
specifying the associated equipment.

3.1.15   Elevator

 Provide circuit to line terminals of elevator controller, and disconnect 
switch on line side of controller, outlet for control power, outlet 
receptacle and work light at midheight of elevator shaft, and work light 
and outlet receptacle in elevator pit.

3.1.16   Repair of Existing Work

Repair of existing work, demolition, and modification of existing 
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electrical distribution systems shall be performed as follows:

3.1.16.1   Workmanship

Lay out work in advance.  Exercise care where cutting, channeling, chasing, 
or drilling of floors, walls, partitions, ceilings, or other surfaces is 
necessary for proper installation, support, or anchorage of conduit, 
raceways, or other electrical work.  Repair damage to buildings, piping, 
and equipment using skilled craftsmen of trades involved.

3.1.16.2   Existing Concealed Wiring to be Removed

Existing concealed wiring to be removed shall be disconnected from its 
source.  Remove conductors; cut conduit flush with floor, underside of 
floor, and through walls; and seal openings.

3.1.16.3   Removal of Existing Electrical Distribution System

Removal of existing electrical distribution system equipment shall include 
equipment's associated wiring, including conductors, cables, exposed 
conduit, surface metal raceways, boxes, and fittings, back to equipment's 
power source as indicated or as evidently intended.

3.1.16.4   Continuation of Service

Maintain continuity of existing circuits of equipment to remain.  Existing 
circuits of equipment shall remain energized.  Circuits which are to remain 
but were disturbed during demolition shall have circuits wiring and power 
restored back to original condition.

3.1.17   Surge Protective Devices

Connect the surge protective devices in parallel to the power source, 
keeping the conductors as short and straight as practically possible.

3.2   FIELD FABRICATED NAMEPLATE MOUNTING

Provide number, location, and letter designation of nameplates as 
indicated.  Fasten nameplates to the device with a minimum of two 
sheet-metal screws or two rivets.

3.3   WARNING SIGN MOUNTING

Provide the number of signs required to be readable from each accessible 
side.  Space the signs in accordance with NFPA 70E.

3.4   FIELD APPLIED PAINTING

Paint electrical equipment as required to match finish of adjacent surfaces 
or to meet the indicated or specified safety criteria.  Painting shall be 
as specified in Section 09900, PAINTS AND COATINGS.

3.5   FIELD QUALITY CONTROL
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Furnish test equipment and personnel and submit written copies of test 
results.  Give Contracting Officer 5 working days notice prior to each test.

3.5.1   Devices Subject to Manual Operation

Each device subject to manual operation shall be operated at least five 
times, demonstrating satisfactory operation each time.

3.5.2   600-Volt Wiring Test

Test wiring rated 600 volt and less to verify that no short circuits or 
accidental grounds exist.  Perform insulation resistance tests on wiring 
No. 6 AWG and larger diameter using instrument which applies voltage of 
approximately 500 volts to provide direct reading of resistance.  Minimum 
resistance shall be 250,000 ohms.

3.5.3   Transformer Tests

Perform the standard, not optional, tests in accordance with the Inspection 
and Test Procedures for transformers, dry type, air-cooled, 600 volt and 
below; as specified in NETA ATS.  Measure primary and secondary voltages 
for proper tap settings.  Tests need not be performed by a recognized 
independent testing firm or independent electrical consulting firm.

3.5.4   Ground-Fault Receptacle Test

Test ground-fault receptacles with a "load" (such as a plug in light) to 
verify that the "line" and "load" leads are not reversed.

3.5.5   Grounding System Test

Test grounding system to ensure continuity, and that resistance to ground 
is not excessive.  Test each ground rod for resistance to ground before 
making connections to rod; tie grounding system together and test for 
resistance to ground.  Make resistance measurements in dry weather, not 
earlier than 48 hours after rainfall.  Submit written results of each test 
to Contracting Officer, and indicate location of rods as well as resistance 
and soil conditions at time measurements were made.

       -- End of Section --
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SECTION 16410A

AUTOMATIC TRANSFER SWITCH AND BY-PASS/ISOLATION SWITCH
12/04

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM B 117 (2002) Operating Salt Spray (Fog) Apparatus

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C37.13 (1990; R 1995) Low-Voltage AC Power 
Circuit Breakers Used in Enclosures

IEEE C37.90.1 (2002) Surge Withstand Capability (SWC) 
Tests for Relays and Relay Systems 
Associated with Electric Power Apparatus

IEEE C62.41 (1991; R 1995) Recommended Practice for 
Surge Voltages in Low-Voltage AC Power 
Circuits

IEEE Std 602 (1996)  Recommended Practice for Electric 
Systems in Health Care Facilities - White 
Book

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA ICS 1 (2000) Industrial Control and Systems: 
General Requirements

NEMA ICS 10 (1999; R 2000) Industrial Control and 
Systems:  AC Transfer Switch Equipment

NEMA ICS 2 (2000) Industrial Controls and Systems: 
Controllers, Contactors, and Overload 
Relays Rated Not More than 2000 Volts AC 
or 750 Volts DC

NEMA ICS 4 (2000) Industrial Control and Systems: 
Terminal Blocks

NEMA ICS 6 (1993; R 2001) Industrial Control and 
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Systems: Enclosures

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 110 (2002) Emergency and Standby Power Systems

NFPA 70 (2005) National Electrical Code

UNDERWRITERS LABORATORIES (UL)

UL 1008 (1996; Rev thru Aug 2003) Transfer Switch 
Equipment

UL 1066 (1997) Low-Voltage AC and DC Power Circuit 
Breakers Used in Enclosures

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Detail Drawings

  Schematic, external connection, one-line schematic and wiring 
diagram of each ATS assembly.

Equipment
Installation

  Dimensioned plans, sections and elevations showing minimum 
clearances, weights, and conduit entry provisions for each ATS.

SD-03 Product Data

Material
Equipment

  List of proposed equipment and material, containing a 
description of each separate item.

SD-06 Test Reports

Testing; G-AO

  A description of proposed field test procedures, including 
proposed date and steps describing each test, its duration and 
expected results, not less than 4 weeks prior to test date.  
Certified factory and field test reports, within 14 days following 
completion of tests.  Reports shall be certified and dated and 
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shall demonstrate that tests were successfully completed prior to 
shipment of equipment.

SD-07 Certificates

Equipment
Material

  Certificates of compliance showing evidence of UL listing and 
conformance with applicable NEMA standards.  Such certificates are 
not required if manufacturer's published data, submitted and 
approved, reflect UL listing or conformance with applicable NEMA 
standards.

Switching Equipment

  Evidence that ATS withstand current rating (WCR) has been 
coordinated with upstream protective devices as required by UL 1008.

SD-10 Operation and Maintenance Data

Switching Equipment
Instructions

  Six copies of operating and Six copies of maintenance manuals 
listing routine maintenance, possible breakdowns, repairs, and 
troubleshooting guide.

1.3   GENERAL REQUIREMENTS

1.3.1   Standard Product

Material and equipment shall be standard products of a manufacturer 
regularly engaged in manufacturing the products and shall essentially 
duplicate items that have been in satisfactory use for at least 2 years 
prior to bid opening.  The experience use shall include applications in 
similar circumstances and of same design and rating as specified ATS.  
Equipment shall be capable of being serviced by a manufacturer-authorized 
and trained organization that is, in the Contracting Officer's opinion, 
reasonably convenient to the site.

1.3.2   Nameplate

Nameplate showing manufacturer's name and equipment ratings shall be made 
of corrosion-resistant material with not less than 1/8 inch tall 
characters.  Nameplate shall be mounted to front of enclosure and shall 
comply with nameplate requirements of NEMA ICS 2.

1.3.3   Detail Drawings

The Contractor shall submit interface equipment connection diagram showing 
conduit and wiring between ATS and related equipment.  Device, nameplate, 
and item numbers shown in list of equipment and material shall appear on 
drawings wherever that item appears.  Diagrams shall show interlocking 
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provisions and cautionary notes, if any.  Operating instructions shall be 
shown either on one-line diagram or separately.  Unless otherwise approved, 
one-line and elementary or schematic diagrams shall appear on same drawing.

1.3.4   Switching Equipment

Upon request, manufacturer shall provide notarized letter certifying 
compliance with requirements of this specification, including withstand 
current rating (WCR).  The Contractor shall submit an operating manual 
outlining step-by-step procedures for system startup, operation, and 
shutdown.  Manual shall include manufacturer's name, model number, service 
manual, parts list, and brief description of equipment and basic operating 
features.  Manufacturer's spare parts data shall be included with supply 
source and current cost of recommended spare parts.  Manual shall include 
simplified wiring and control diagrams for system as installed.

1.4   SERVICE CONDITIONS

Seismic requirements shall be as specified in Sections 13080 SEISMIC 
PROTECTION FOR MISCELLANEOUS EQUIPMENT, 15070A SEISMIC PROTECTION FOR 
MECHANICAL EQUIPMENT and 16070A SEISMIC PROTECTION FOR ELECTRICAL EQUIPMENT. 
 ATS shall be suitable for prolonged performance under following service 
conditions:

a.  Altitude:  750 feet above mean sea level.

b.  Relative Humidity:  95 percent maximum, continuous.

c.  Temperature:  Minus 5 to 140 degrees F.

d.  Seismic Parameters:  see Structural.

PART 2   PRODUCTS

2.1   AUTOMATIC TRANSFER SWITCH (ATS)

ATS shall be electrically operated and mechanically held in both operating 
positions.  ATS shall be suitable for use in emergency systems described in 
NFPA 70.  ATS shall be UL listed.  ATS shall be manufactured and tested in 
accordance with applicable requirements of IEEE C37.90.1, IEEE C37.13, IEEE 
C62.41, IEEE Std 602, NEMA ICS 1, NEMA ICS 2, NEMA ICS 10, Part 2, UL 1008 
and UL 1066.  ATS shall conform to NFPA 110.  To facilitate maintenance, 
manufacturer's instruction manual shall provide typical maximum contact 
voltage drop readings under specified conditions for use during periodic 
maintenance.  Manufacturer shall provide instructions for determination of 
contact integrity.  ATS shall be rated for continuous duty at specified 
continuous current rating.  ATS shall be fully compatible and approved for 
use with BP/IS specified.  BP/IS shall be considered part of ATS system.  
ATS shall have following characteristics:

a.  Voltage:  480/277 volts ac.

b.  Number of Phases:  Three.

SECTION 16410A  Page 6



Air Traffic Control Tower, Offutt AFB, NE OF33

c.  Number of Wires:  Four.

d.  Frequency:  60 Hz.

e.  Poles:  Three switched and switched neutral.

f.  ATS WCR:  Rated to withstand short-circuit current of 35,000 
amperes, RMS symmetrical.

g.  Nonwelding Contacts:  Rated for nonwelding of contacts when used 
with upstream feeder overcurrent devices shown and with available 
fault current specified.

h.  Main and Neutral Contacts:  Contacts shall have silver alloy 
composition.  Neutral contacts shall have same continuous current 
rating as main or phase contacts .

2.1.1   Override Time Delay

Time delay to override monitored source deviation shall be adjustable from 
0.5 to 6 seconds and factory set at 1 second.  ATS shall monitor phase 
conductors to detect and respond to sustained voltage drop of 25 percent of 
nominal between any two normal source conductors and initiate transfer 
action to emergency source and start engine driven generator after set time 
period.  Pickup voltage shall be adjustable from 85 to 100 percent of 
nominal and factory set at 90 percent.  Dropout voltage shall be adjustable 
from 75 to 98 percent of pickup value and factory set at 85 percent of 
nominal.

2.1.2   Transfer Time Delay

Time delay before transfer to emergency power source shall be adjustable 
from 0 to 5 minutes and factory set at 0 minutes.  ATS shall monitor 
frequency and voltage of emergency power source and transfer when frequency 
and voltage are stabilized.  Pickup voltage shall be adjustable from 85 to 
100 percent of nominal and factory set at 90 percent.  Pickup frequency 
shall be adjustable from 90 to 100 percent of nominal and factory set at 90 
percent.

2.1.3   Return Time Delay

Time delay before return transfer to normal power source shall be 
adjustable from 0 to 30 minutes and factory set at 30 minutes.  Time delay 
shall be automatically defeated upon loss or sustained undervoltage of 
emergency power source, provided that normal supply has been restored.

2.1.4   Engine Shutdown Time Delay

Time delay shall be adjustable from 0 to 30 minutes and shall be factory 
set at 10 minutes.

2.1.5   Exerciser

Provide a generator exerciser timer.  Run times shall be user programmable. 
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 The generator exerciser shall be selectable between load transfer and 
enginer run only, and shall have a fail-safe feature that will retransfer 
the ATS to normal during the exercise period.

2.1.6   Auxiliary Contacts

Two normally open and two normally closed auxiliary contacts rated at 15 
amperes at 120 volts shall operate when ATS is connected to normal power 
source, and two normally open and two normally closed contacts shall 
operate when ATS is connected to emergency source.

2.1.7   Supplemental Features

ATS shall be furnished with the following:

a.  Engine start contact.

b.  Emergency source monitor.

c.  Test switch to simulate normal power outage.

d.  Voltage sensing.  Pickup voltage adjustable from 85 to 100 percent 
of nominal; dropout adjustable from 75 to 98 percent of pickup.

e.  Time delay bypass switch to override return time delay to normal.

f.  Manual return-to-normal switch.

g.  Means shall be provided in the ATS to insure that 
motor/transformer load inrush currents do not exceed normal 
starting currents.  This shall be accomplished with either 
in-phase monitoring, time-delay transition, or load voltage decay 
sensing methods.  If manufacturer supplies an in-phase monitoring 
system, the manufacturer shall indicate under what conditions a 
transfer cannot be accomplished.  If the manufacturer supplies a 
time-delay transition system, the manufacturer shall supply 
recommendations for establishing time delay.  If load voltage 
decay sensing is supplied, the load voltage setting shall be user 
programmable.

2.1.8   Operator

Manual operator conforming to UL 1008 shall be provided, and shall 
incorporate features to prevent operation by unauthorized personnel.  ATS 
shall be designed for safe manual operation under full load conditions.  If 
manual operation is accomplished by opening the door, then a dead-front 
shall be supplied for operator safety.

2.1.9   Override Switch

Override switch shall bypass automatic transfer controls so ATS will 
transfer and remain connected to emergency power source, regardless of 
condition of normal source. If emergency source fails and normal source is 
available, ATS shall automatically retransfer to normal source.
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2.1.10   Green Indicating Light

A green indicating light shall supervise/provide normal power source switch 
position indication and shall have a nameplate engraved NORMAL .

2.1.11   Red Indicating Light

A red indicating light shall supervise/provide emergency power source 
switch position indication and shall have a nameplate engraved EMERGENCY.

2.2   BY-PASS/ISOLATION SWITCH (BP/IS)

2.2.1   Design

Bypass/isolation switch (BP/IS) shall permit load by-pass to either normal 
or emergency power source and complete isolation of associated ATS, 
independent of ATS operating position.  BP/IS and associated ATS shall be 
products of same manufacturer and shall be completely interconnected and 
tested at factory and at project site as specified.  BP/IS shall be 
manufactured, listed, and tested in accordance with paragraph AUTOMATIC 
TRANSFER SWITCH (ATS) and shall have electrical ratings that exceed or 
equal comparable ratings specified for ATS.  Operating handles shall be 
externally operated and arranged so that one person can perform the bypass 
and isolation functions through the operation of a maximum of two handles 
within 5 seconds.  The ATS shall have provisions for locking in the 
isolation position.  Handle for manual operation shall be permanently 
attached to operating mechanism.  BP/IS operation shall be accomplished 
without disconnecting switch load terminal conductors.  Isolation handle 
positions shall be marked with engraved plates or other approved means to 
indicate position or operating condition of associated ATS, as follows:

a.  Indication shall be provided to show that ATS section is providing 
power to the load.

b.  Indication shall be provided of ATS isolation.  The ATS controls 
shall remain functional with the ATS isolated or in bypass mode to 
permit monitoring of the normal power source and automatic 
starting of the generator in the event of a loss of the normal 
power source.  In the isolated mode, the bypass section shall be 
capable of functioning as a manual transfer switch to transfer the 
load to either power source.  The ATS shall be capable of 
undergoing functional operation testing without service 
interruption.  The ATS may also be completely removed from the 
enclosure, if required for maintenance or repair, while the bypass 
section continues to power the load.

2.2.2   Switch Construction

Bypass/isolation switch shall be constructed for convenient removal of 
parts from front of switch enclosure without removal of other parts or 
disconnection of external power conductors.  Contacts shall be as specified 
for associated ATS, including provisions for inspection of contacts without 
disassembly of BP/IS or removal of entire contact enclosure.  To facilitate 
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maintenance, manufacturer shall provide instructions for determination of 
contact integrity.  BP/IS and associated ATS shall be interconnected with 
suitably sized copper bus bars silver-plated at each connection point, and 
braced to withstand magnetic and thermal forces created at WCR specified 
for associated ATS.

2.3   ENCLOSURE

ATS and accessories shall be installed in wall-mounted or free-standing, 
floor-mounted, ventilated NEMA ICS 6, Type 1 , smooth sheet metal enclosure 
constructed in accordance with applicable requirements of UL 1066 and/or UL 
1008.  Intake vent shall be screened and filtered.  Exhaust vent shall be 
screened. Door shall have suitable hinges, locking handle latch, and 
gasketed jamb.  Metal gauge shall be not less than No. 14.  Enclosure shall 
be equipped with at least two approved grounding lugs for grounding 
enclosure to facility ground system using No. 4 AWG copper conductors.  
Factory wiring within enclosure and field wiring terminating within 
enclosure shall comply with NFPA 70.  If wiring is not color coded, wire 
shall be permanently tagged or marked near terminal at each end with wire 
number shown on approved detail drawing.  Terminal block shall conform to 
NEMA ICS 4.  Terminals shall be arranged for entrance of external 
conductors from top and bottom of enclosure as shown.  Main switch 
terminals, including neutral terminal if used, shall be pressure type 
suitable for termination of external copper conductors shown.

2.3.1   Construction

Enclosure shall be constructed for ease of removal and replacement of ATS 
components and control devices from front without disconnection of external 
power conductors or removal or disassembly of major components.  Enclosure 
of ATS with BP/IS shall be constructed to protect personnel from energized 
BP/IS components during ATS maintenance.

2.3.2   Cleaning and Painting

Both the inside and outside surfaces of an enclosure, including means for 
fastening, shall be protected against corrosion by enameling, galvanizing, 
plating, powder coating, or other equivalent means.  Protection is not 
required for metal parts that are inherently resistant to corrosion, 
bearings, sliding surfaces of hinges, or other parts where such protection 
is impractical.  Finish shall be manufacturer's standard material, process, 
and color and shall be free from runs, sags, peeling, or other defects.  An 
enclosure marked Type 1, 3R, 4 or 12 shall be acceptable if there is no 
visible rust at the conclusion of a salt spray (fog) test using the test 
method in ASTM B 117, employing a 5 percent by weight, salt solution for 24 
hours.  Type 4X enclosures are acceptable following performance of the 
above test with an exposure time of 200 hours.

2.4   TESTING

2.4.1   Factory Testing

A prototype of specified ATS shall be factory tested in accordance with UL 
1008.  In addition, factory tests shall be performed on each ATS as follows:
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a.  Insulation resistance test to ensure integrity and continuity of 
entire system.

b.  Main switch contact resistance test.

c.  Visual inspection to verify that each ATS is as specified.

d.  Mechanical test to verify that ATS sections are free of mechanical 
hindrances.

e.  Electrical tests to verify complete system electrical operation 
and to set up time delays and voltage sensing settings.

2.4.2   Factory Test Reports

Manufacturer shall provide three certified copies of factory test reports.

PART 3   EXECUTION

3.1   INSTALLATION

ATS shall be installed as shown and in accordance with approved 
manufacturer's instructions.

3.2   INSTRUCTIONS

Manufacturer's approved operating instructions shall be permanently secured 
to cabinet where operator can see them.  One-line and elementary or 
schematic diagram shall be permanently secured to inside of front enclosure 
door.

3.3   SITE TESTING

Following completion of ATS installation and after making proper 
adjustments and settings, site tests shall be performed in accordance with 
manufacturer's written instructions to demonstrate that each ATS functions 
satisfactorily and as specified.  Contractor shall advise Contracting 
Officer not less than 5 working days prior to scheduled date for site 
testing, and shall provide certified field test reports within 2 calendar 
weeks following successful completion of site tests.  Test reports shall 
describe adjustments and settings made and site tests performed.  Minimum 
operational tests shall include the following:

a.  Insulation resistance shall be tested, both phase-to-phase and 
phase-to-ground.

b.  Power failure of normal source shall be simulated by opening 
upstream protective device.  This test shall be performed a 
minimum of five times.

c.  Power failure of emergency source with normal source available 
shall be simulated by opening upstream protective device for 
emergency source.  This test shall be performed a minimum of five 
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times.

d.  Low phase-to-ground voltage shall be simulated for each phase of 
normal source.

e.  Operation and settings shall be verified for specified ATS 
features, such as override time delay, transfer time delay, return 
time delay, engine shutdown time delay, exerciser, auxiliary 
contacts, and supplemental features.

f.  Manual and automatic ATS and BP/IS functions shall be verified.

       -- End of Section --
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SECTION 16442

SWITCHBOARDS
08/04

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM A 123/A 123M (2002) Zinc (Hot-Dip Galvanized) Coatings 
on Iron and Steel Products

ASTM A 153/A 153M (2004) Zinc Coating (Hot-Dip) on Iron and 
Steel Hardware

ASTM A 653/A 653M (2004a) Steel Sheet, Zinc-Coated 
(Galvanized) or Zinc-Iron Alloy-Coated 
(Galvannealed) by the Hot-Dip Process

ASTM A 780 (2001) Repair of Damaged and Uncoated 
Areas of Hot-Dipped Galvanized Coatings

ASTM D 1535 (2001) Specifying Color by the Munsell 
System

ASTM D 709 (2001) Laminated Thermosetting Materials

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (2002) National Electrical Safety Code

IEEE Std 100 (2000) IEEE Standard Dictionary of 
Electrical and Electronics Terms

IEEE Std 81 (1983) Guide for Measuring Earth 
Resistivity, Ground Impedance, and Earth 
Surface Potentials of a Ground System 
(Part 1)Normal Measurements

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)

NETA ATS (2003) Acceptance Testing Specifications

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA C57.12.28 (1999) Pad-Mounted Equipment - Enclosure 
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Integrity

NEMA ICS 6 (1993; R 2001) Industrial Control and 
Systems: Enclosures

NEMA LI 1 (1998) Industrial Laminated Thermosetting 
Products

NEMA PB 2 (2001) Deadfront Distribution Switchboards

NEMA PB 2.1 (1996) General Instructions for Proper 
Handling, Installation, Operation and 
Maintenance of Deadfront Distribution 
Switchboards Rated 600 Volts or Less

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2005) National Electrical Code

UNDERWRITERS LABORATORIES (UL)

UL 467 (1993; Rev thru Feb 2001) Grounding and 
Bonding Equipment

UL 489 (2002; Rev thru May 2003) Molded-Case 
Circuit Breakers, Molded-Case Switches, 
and Circuit-Breaker Enclosures

UL 891 (1998; Rev thru Feb 2003) Dead-Front 
Switchboards

1.2   RELATED REQUIREMENTS

Section 16081 APPARATUS INSPECTION AND TESTING applies to this section, 
with the additions and modifications specified herein.

1.3   DEFINITIONS

a.  Unless otherwise specified or indicated, electrical and electronics 
terms used in these specifications, and on the drawings, shall be as 
defined in IEEE Std 100.

1.4   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only or as 
otherwise designated.  When used, a designation following the "G" 
designation identifies the office that will review the submittal for the 
Government.  The following shall be submitted in accordance with Section 
01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Switchboard Drawings; G-AO
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Include wiring diagrams and installation details of equipment 
indicating proposed location, layout and arrangement, control 
panels, accessories, piping, ductwork, and other items that must 
be shown to ensure a coordinated installation.  Wiring diagrams 
shall identify circuit terminals and indicate the internal wiring 
for each item of equipment and the interconnection between each 
item of equipment.  Drawings shall indicate adequate clearance for 
operation, maintenance, and replacement of operating equipment 
devices.  Submittals shall include the nameplate data, size, and 
capacity.  Submittals shall also include applicable federal, 
military, industry, and technical society publication references.

SD-03 Product Data

Switchboard; G-AO

SD-06 Test Reports

Switchboard design tests; G-AO

Switchboard production tests; G-AO

Acceptance checks and tests; G-AO

SD-10 Operation and Maintenance Data

Switchboard Operation and Maintenance, Data Package 5; G-AO

SD-11 Closeout Submittals

Assembled Operation and Maintenance Manuals; G-AO

Equipment Test Schedule; G-AO

Request for Settings; G-AO

1.5   QUALITY ASSURANCE

1.5.1   Switchboard Product Data

Each submittal shall include manufacturer's information for each component, 
device and accessory provided with the switchboard including:

a.  Circuit breaker type, interrupting rating, and trip devices, including 
available settings

b.  Manufacturer's instruction manuals and published time-current curves 
(on full size logarithmic paper) of the main secondary breaker and 
largest secondary feeder device.

1.5.2   Switchboard Drawings

Drawings shall include, but are not limited to the following:
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a.  One-line diagram including breakers, fuses, current transformers, and 
meters

b.  Outline drawings including front elevation, section views, footprint, 
and overall dimensions

c.  Bus configuration including dimensions and ampere ratings of bus bars

d.  Markings and NEMA nameplate data, including fuse information 
(manufacturer's name, catalog number, and ratings)

e.  Circuit breaker type, interrupting rating, and trip devices, including 
available settings

f.  Three-line diagrams and elementary diagrams and wiring diagrams with 
terminals identified, and indicating prewired interconnections between 
items of equipment and the interconnection between the items.

g.  Manufacturer's instruction manuals and published time-current curves 
(on full size logarithmic paper) of the main secondary breaker and 
largest secondary feeder device.  These shall be used by the designer 
of record to provide breaker settings that will ensure  protection and 
coordination are achieved.

h.  Provisions for future extension.

1.5.3   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction," or words of 
similar meaning, to mean the Contracting Officer.  Equipment, materials, 
installation, and workmanship shall be in accordance with the mandatory and 
advisory provisions of NFPA 70 unless more stringent requirements are 
specified or indicated.

1.5.4   Standard Products

Provide materials and equipment that are products of manufacturers 
regularly engaged in the production of such products which are of equal 
material, design and workmanship.  Products shall have been in satisfactory 
commercial or industrial use for 2 years prior to bid opening.  The 2-year 
period shall include applications of equipment and materials under similar 
circumstances and of similar size.  The product shall have been on sale on 
the commercial market through advertisements, manufacturers' catalogs, or 
brochures during the 2-year period.  Where two or more items of the same 
class of equipment are required, these items shall be products of a single 
manufacturer; however, the component parts of the item need not be the 
products of the same manufacturer unless stated in this section.

1.5.4.1   Alternative Qualifications
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Products having less than a 2-year field service record will be acceptable 
if a certified record of satisfactory field operation for not less than 
6000 hours, exclusive of the manufacturers' factory or laboratory tests, is 
furnished.

1.5.4.2   Material and Equipment Manufacturing Date

Products manufactured more than 3 years prior to date of delivery to site 
shall not be used, unless specified otherwise.

1.6   MAINTENANCE

1.6.1   Switchboard Operation and Maintenance Data

Submit Operation and Maintenance Manuals in accordance with Section 01781 
OPERATION AND MAINTENANCE DATA.

1.6.2   Assembled Operation and Maintenance Manuals

Manuals shall be assembled and bound securely in durable, hard covered, 
water resistant binders.  The manuals shall be assembled and indexed in the 
following order with a table of contents.  The contents of the assembled 
operation and maintenance manuals shall be as follows:

a.  Manufacturer's O&M information required by the paragraph entitled 
"SD-10, Operation and Maintenance Data".

b.  Catalog data required by the paragraph entitled, "SD-03, Product Data".

c.  Drawings required by the paragraph entitled, "SD-02, Shop Drawings".

d.  Prices for spare parts and supply list.

f.  Design test reports

g.  Production test reports

1.6.3   Spare Parts

Spare parts shall be furnished as specified below.  All spare parts shall 
be of the same material and workmanship, shall meet the same requirements, 
and shall be interchangeable with the corresponding original parts 
furnished.

a.  2 - Fuses of each type and size.

1.7   WARRANTY

The equipment items shall be supported by service organizations which are 
reasonably convenient to the equipment installation in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

PART 2   PRODUCTS
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2.1   PRODUCT COORDINATION

Products and materials not considered to be switchboards and related 
accessories are specified in Section 16302N UNDERGROUND TRANSMISSION AND 
DISTRIBUTION, and Section 16402 INTERIOR DISTRIBUTION SYSTEM.

2.2   SWITCHBOARD

NEMA PB 2 and UL 891.

2.2.1   Ratings

The voltage rating of the switchboard shall be 480Y/277 volts AC, 4-wire 3 
phase.  The continuous current rating of the main bus shall be as indicated. 
 The short-circuit current rating shall be as indicated.  The switchboard 
shall be UL listed and labeled for its intended use.

2.2.2   Construction

Switchboard shall consist of vertical sections bolted together to form a 
rigid assembly and shall be rear aligned as indicated.  All circuit 
breakers shall be front accessible.  Rear aligned switchboards shall have 
front accessible load connections. Where indicated, "space for future" or 
"space" shall mean to include bus, device supports, and connections.  
Provide insulating barriers in accordance with NEMA LI 1, Type GPO-3, 0.25 
inch minimum thickness.  Apply moisture resistant coating to all rough-cut 
edges of barriers.  Switchboard shall be completely factory engineered and 
assembled, including protective devices and equipment indicated with 
necessary interconnections, instrumentation, and control wiring.

2.2.2.1   Enclosure

The switchboard enclosure shall be a NEMA ICS 6 Type 1.  Enclosure shall be 
bolted together with removable bolt-on side and rear covers.  Front doors 
shall be provided with stainless steel padlockable vault handles with a 
three point catch.  Bases, frames and channels of enclosure shall be 
corrosion resistant and shall be fabricated of galvanized steel.  Base 
shall include any part of enclosure that is within 3 inches of concrete pad.
  Galvanized steel shall be ASTM A 123/A 123M, ASTM A 653/A 653M G90 
coating, and ASTM A 153/A 153M, as applicable.  Galvanize after fabrication 
where practicable.  Paint enclosure, including bases, ASTM D 1535 light 
gray No. 61 or No. 49.  Paint coating system shall comply with NEMA 
C57.12.28 for galvanized steel.

2.2.2.2   Bus Bars

Bus bars shall be copper with silver-plated contact surfaces.  Plating 
shall be a minimum of 0.0002 inch thick.  Make bus connections and joints 
with hardened steel bolts.  The through-bus shall be rated at the full 
ampacity of the main throughout the switchboard.  Provide minimum 
one-quarter by 2 inch copper ground bus secured to each vertical section 
along the entire length of the switchboard.  The neutral bus shall be rated 
100 percent of the main bus continuous current rating.
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2.2.2.3   Main Section

The main section shall consist of an individually mounted insulated-case 
circuit breaker. 

2.2.2.4   Distribution Sections

The distribution section shall consist of individually or group mounted, 
molded-case circuit breakers as indicated. 

2.2.2.5   Handles

Handles for individually mounted devices shall be of the same design and 
method of external operation.  Label handles prominently to indicate device 
ampere rating, color coded for device type.  Identify ON-OFF indication by 
handle position and by prominent marking.

2.2.3   Protective Device

Provide main and branch protective devices as indicated.

2.2.3.1   Insulated-Case Breaker

UL listed, 100 percent rated, stationary,, manually operated, low voltage, 
insulated-case circuit breaker, with a short-circuit current rating as 
indicated at 480 volts.  Breaker frame size shall be as indicated.

2.2.3.2   Molded-Case Circuit Breaker

UL 489.  UL listed and labeled, 100 percent rated, stationary,, manually 
operated, low voltage  molded-case circuit breaker, with a short-circuit 
current rating of as indicated at 480 volts.  Breaker frame size shall be 
as indicated.  Series rated circuit breakers are unacceptable.

2.2.4   Electronic Trip Units

Equip main and distribution breakers as indicated with a solid-state 
tripping system consisting of three current sensors and a 
microprocessor-based trip unit that will provide true rms sensing 
adjustable time-current circuit protection.  The ampere rating of the 
current sensors shall be as indicated.  The trip unit ampere rating shall be
 as indicated.  Ground fault protection shall be zero sequence sensing.  
The electronic trip units shall have the following features.  See Section 
16475A COORDINATED POWER SYSTEM PROTECTION, for further requirements.

a.  Breakers shall have long delay pick-up and time settings, and LED 
indication of cause of circuit breaker trip.

b.  Main breakers shall have short delay pick-up and time settings and, 
instantaneous settings and ground fault settings.

c.  Distribution breakers shall have short delay pick-up and time settings, 
instantaneous settings, and ground fault settings.
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d.  Breakers shall have a digital display for phase and ground current.

2.2.5   Wire Marking

Mark control and metering conductors at each end.  Provide 
factory-installed, white, plastic tubing, heat stamped with black block 
type letters on factory-installed wiring.  On field-installed wiring, 
provide white, preprinted, polyvinyl chloride (PVC) sleeves, heat stamped 
with black block type letters.  Each sleeve shall contain a single letter 
or number, shall be elliptically shaped to securely grip the wire, and 
shall be keyed in such a manner to ensure alignment with adjacent sleeves.  
Provide specific wire markings using the appropriate combination of 
individual sleeves.  Each wire marker shall indicate the device or 
equipment, including specific terminal number to which the remote end of 
the wire is attached.

2.3   MANUFACTURER'S NAMEPLATE

Each item of equipment shall have a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.  This nameplate and method of attachment may be the 
manufacturer's standard if it contains the required information.

2.4   FIELD FABRICATED NAMEPLATES

ASTM D 709.  Provide laminated plastic nameplates for each switchboard, 
equipment enclosure, relay, switch, and device; as specified in this 
section or as indicated on the drawings.  Each nameplate inscription shall 
identify the function and, when applicable, the position.  Nameplates shall 
be melamine plastic, 0.125 inch thick, white with black center core. 
Surface shall be matte finish.  Corners shall be square.  Accurately align 
lettering and engrave into the core.  Minimum size of nameplates shall be 
one by 2.5 inches.  Lettering shall be a minimum of 0.25 inch high normal 
block style.

2.5   SOURCE QUALITY CONTROL

2.5.1   Equipment Test Schedule

The Government reserves the right to witness tests.  Provide equipment test 
schedules for tests to be performed at the manufacturer's test facility.  
Submit required test schedule and location, and notify the Contracting 
Officer 30 calendar days before scheduled test date.  Notify Contracting 
Officer 15 calendar days in advance of changes to scheduled date.

a.  Test Instrument Calibration

1.  The manufacturer shall have a calibration program which assures 
that all applicable test instruments are maintained within rated 
accuracy.

2.  The accuracy shall be directly traceable to the National Institute 
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of Standards and Technology.

3.  Instrument calibration frequency schedule shall not exceed 12 
months for both test floor instruments and leased specialty 
equipment.

4.  Dated calibration labels shall be visible on all test equipment.

5.  Calibrating standard shall be of higher accuracy than that of the 
instrument tested.

6.  Keep up-to-date records that indicate dates and test results of 
instruments calibrated or tested.  For instruments calibrated by 
the manufacturer on a routine basis, in lieu of third party 
calibration, include the following:

(a)  Maintain up-to-date instrument calibration instructions and 
procedures for each test instrument.

(b)  Identify the third party/laboratory calibrated instrument to 
verify that calibrating standard is met.

2.5.2   Switchboard Design Tests

NEMA PB 2 and UL 891.

2.5.2.1   Design Tests

Furnish documentation showing the results of design tests on a product of 
the same series and rating as that provided by this specification.

a.  Short-circuit current test

b.  Enclosure tests

c.  Dielectric test

2.5.3   Switchboard Production Tests

NEMA PB 2 and UL 891.  Furnish reports which include results of production 
tests performed on the actual equipment for this project.  These tests 
include:

a.  60-hertz dielectric tests

b.  Mechanical operation tests

c.  Electrical operation and control wiring tests

d.  Ground fault sensing equipment test

2.6   COORDINATED POWER SYSTEM PROTECTION

Provide a power system study as specified in Section 16475A COORDINATED 
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POWER SYSTEM PROTECTION.

PART 3   EXECUTION

3.1   INSTALLATION

Electrical installations shall conform to IEEE C2, NFPA 70, and to the 
requirements specified herein.

3.2   GROUNDING

NFPA 70 and IEEE C2, except that grounds and grounding systems shall have a 
resistance to solid earth ground not exceeding 5 ohms.

3.2.1   Grounding and Bonding Equipment

UL 467, except as indicated or specified otherwise.

3.3   INSTALLATION OF EQUIPMENT AND ASSEMBLIES

Install and connect equipment furnished under this section as indicated on 
project drawings, the approved shop drawings, and as specified herein.

3.3.1   Switchboard

NEMA PB 2.1.

3.3.2   Field Applied Painting

Where field painting of enclosures is required to correct damage to the 
manufacturer's factory applied coatings, provide manufacturer's recommended 
coatings and apply in accordance with manufacturer's instructions.

3.3.3   Galvanizing Repair

Repair damage to galvanized coatings using ASTM A 780, zinc rich paint, for 
galvanizing damaged by handling, transporting, cutting, welding, or 
bolting.  Do not heat surfaces that repair paint has been applied to.

3.3.4   Field Fabricated Nameplate Mounting

Provide number, location, and letter designation of nameplates as 
indicated.  Fasten nameplates to the device with a minimum of two 
sheet-metal screws or two rivets.

3.4   FOUNDATION FOR EQUIPMENT AND ASSEMBLIES

3.4.1   Interior Location

Mount switchboard on concrete slab.  Unless otherwise indicated, the slab 
shall be at least 4 inches thick.  The top of the concrete slab shall be 
approximately 4 inches above finished floor.  Edges above floor shall have 
1/2 inch chamfer.  The slab shall be of adequate size to project at least 8 
inches beyond the equipment.  Provide conduit turnups and cable entrance 
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space required by the equipment to be mounted.  Seal voids around conduit 
openings in slab with water- and oil-resistant caulking or sealant.  Cut 
off and bush conduits 3 inches above slab surface.  Concrete work shall be 
as specified in Section 03300A CAST-IN-PLACE STRUCTURAL CONCRETE.

3.5   FIELD QUALITY CONTROL

Contractor shall submit request for settings of breakers to the Contracting 
Officer after approval of switchboard and at least 30 days in advance of 
their requirement.

3.5.1   Performance of Acceptance Checks and Tests

Perform in accordance with the manufacturer's recommendations and include 
the following visual and mechanical inspections and electrical tests, 
performed in accordance with NETA ATS.

3.5.1.1   Switchboard Assemblies

a.  Visual and Mechanical Inspection

1.  Compare equipment nameplate data with specifications and approved 
shop drawings.

2.  Inspect physical, electrical, and mechanical condition.

3.  Confirm correct application of manufacturer's recommended 
lubricants.

4.  Verify appropriate anchorage, required area clearances, and 
correct alignment.

5.  Inspect all doors, panels, and sections for paint, dents, 
scratches, fit, and missing hardware.

6.  Verify that circuit breaker sizes and types correspond to approved 
shop drawings.

7.  Verify that current transformer ratios correspond to approved shop 
drawings.

8.  Inspect all bolted electrical connections for high resistance 
using low-resistance ohmmeter, verifying  tightness of accessible 
bolted electrical connections by calibrated torque-wrench method, 
or performing thermographic survey.

9.  Confirm correct operation and sequencing of electrical and 
mechanical interlock systems.

10. Clean switchboard.

11. Inspect insulators for evidence of physical damage or contaminated 
surfaces.
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12. Verify correct barrier installation.

13. Exercise all active components.

14. Inspect all mechanical indicating devices for correct operation.

15. Verify that vents are clear.

16. Test operation, alignment, and penetration of instrument 
transformer withdrawal disconnects.

17. Inspect control power transformers.

b.  Electrical Tests

1.  Perform insulation-resistance tests on each bus section.

2.  Perform overpotential tests.

3.  Perform insulation-resistance test on control wiring; Do not 
perform this test on wiring connected to solid-state components.

4.  Perform control wiring performance test.

5.  Perform primary current injection tests on the entire current 
circuit in each section of assembly.

3.5.1.2   Circuit Breakers

Low Voltage - Insulated-Case and Low Voltage Molded Case with Solid State 
Trips

a.  Visual and Mechanical Inspection

1.  Compare nameplate data with specifications and approved shop 
drawings.

2.  Inspect circuit breaker for correct mounting.

3.  Operate circuit breaker to ensure smooth operation.

4.  Inspect case for cracks or other defects.

5.  Inspect all bolted electrical connections for high resistance 
using low resistance ohmmeter, verifying tightness of accessible 
bolted connections and/or cable connections by calibrated 
torque-wrench method, or performing thermographic survey.

6.  Inspect mechanism contacts and arc chutes in unsealed units.

b.  Electrical Tests

1.  Perform contact-resistance tests.
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2.  Perform insulation-resistance tests.

3.  Perform Breaker adjustments for final settings in accordance with 
Government provided settings.

4.  Perform long-time delay time-current characteristic tests

5.  Determine short-time pickup and delay by primary current injection.

6.  Determine ground-fault pickup and time delay by primary current 
injection.

7.  Determine instantaneous pickup current by primary injection.

8.  Verify correct operation of any auxiliary features such as trip 
and pickup indicators, zone interlocking, electrical close and 
trip operation, trip-free, and anti-pump function.

3.5.1.3   Current Transformers

a.  Visual and Mechanical Inspection

1.  Compare equipment nameplate data with specifications and approved 
shop drawings.

2.  Inspect physical and mechanical condition.

3.  Verify correct connection.

4.  Verify that adequate clearances exist between primary and 
secondary circuit.

5.  Inspect all bolted electrical connections for high resistance 
using low-resistance ohmmeter, verifying  tightness of accessible 
bolted electrical connections by calibrated torque-wrench method, 
or performing thermographic survey.

6.  Verify that all required grounding and shorting connections 
provide good contact.

b.  Electrical Tests

1.  Perform resistance measurements through all bolted connections 
with low-resistance ohmmeter, if applicable.

2.  Perform insulation-resistance tests.

3.  Perform polarity tests.

4.  Perform ratio-verification tests.

3.5.1.4   Grounding System
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a.  Visual and Mechanical Inspection

1.  Inspect ground system for compliance with contract plans and 
specifications.

b.  Electrical Tests

1.  IEEE Std 81.  Perform ground-impedance measurements utilizing the 
fall-of-potential method.  On systems consisting of interconnected 
ground rods, perform tests after interconnections are complete.  
On systems consisting of a single ground rod perform tests before 
any wire is connected.  Take measurements in normally dry weather, 
not less than 48 hours after rainfall.  Use a portable ground 
testing megger in accordance with manufacturer's instructions to 
test each ground or group of grounds.  The instrument shall be 
equipped with a meter reading directly in ohms or fractions 
thereof to indicate the ground value of the ground rod or 
grounding systems under test.

2.  Submit the measured ground resistance of each ground rod and 
grounding system, indicating the location of the rod and grounding 
system.  Include the test method and test setup (i.e., pin 
location) used to determine ground resistance and soil conditions 
at the time the measurements were made.

3.5.2   Follow-Up Verification

Upon completion of acceptance checks, settings, and tests, the Contractor 
shall show by demonstration in service that circuits and devices are in 
good operating condition and properly performing the intended function. 
Circuit breakers shall be tripped by operation of each protective device.  
Test shall require each item to perform its function not less than three 
times.  As an exception to requirements stated elsewhere in the contract, 
the Contracting Officer shall be given 5 working days advance notice of the 
dates and times for checks, settings, and tests.

       -- End of Section --
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SECTION 16475A

COORDINATED POWER SYSTEM PROTECTION
08/02

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI C12.11 (1987) Instrument Transformers for Revenue 
Metering, 10 kV BIL through 350 kV BIL 
(0.6 kV NSV through 69 kV NSV)

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (2002) National Electrical Safety Code

IEEE C57.13 (1993) Requirements for Instrument 
Transformers

IEEE Std 242 (2001) Recommended Practice for Protection 
and Coordination of Industrial and 
Commercial Power Systems - Buff Book

IEEE Std 399 (1997) Recommended Practice for Power 
Systems Analysis - Brown Book

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA AB 1 (2002) Molded-Case Circuit Breakers, 
Molded Case Switches, and Circuit-Breaker 
Enclosures

NEMA FU 1 (2002) Low Voltage Cartridge Fuses

NEMA ICS 1 (2000) Industrial Control and Systems: 
General Requirements

NEMA ICS 2 (2000) Industrial Controls and Systems: 
Controllers, Contactors, and Overload 
Relays Rated Not More than 2000 Volts AC 
or 750 Volts DC

NEMA ICS 3 (1993; R 2000) Industrial Control and 
Systems:  Medium Voltage Controllers Rated 
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2001 to 7200 Volts AC

NEMA ICS 6 (1993; R 2001) Industrial Control and 
Systems: Enclosures

NEMA SG 2 (1993) High Voltage Fuses

NEMA SG 3 (1995) Power Switching Equipment

NEMA SG 5 (1995) Power Switchgear Assemblies

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2005) National Electrical Code

UNDERWRITERS LABORATORIES (UL)

UL 198B (1995) Class H Fuses

UL 198E (1988; Rev Jul 1988) Class R Fuses

UL 486E (1994; Rev thru May 2000) Equipment Wiring 
Terminals for Use with Aluminum and/or 
Copper Conductors

UL 489 (2002; Rev thru May 2003) Molded-Case 
Circuit Breakers, Molded-Case Switches, 
and Circuit-Breaker Enclosures

UL 508 (1999; Rev thru Dec 2003) Industrial 
Control Equipment

UL 845 (1995; Rev thru Apr 2004) Motor Control 
Centers

UL 877 (1993; Rev thru Nov 1999) Circuit Breakers 
and Circuit-Breaker Enclosures for Use in 
Hazardous (Classified) Locations

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-03 Product Data

Fault Current Analysis
Protective Device Coordination Study

  The study along with protective device equipment submittals.  No 
time extensions or similar contact modifications will be granted 
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for work arising out of the requirements for this study.  Approval 
of protective devices proposed will be based on recommendations of 
this study.  The Government shall not be held responsible for any 
changes to equipment, device ratings, settings, or additional 
labor for installation of equipment or devices ordered and/or 
procured prior to approval of the study.

Equipment

  Data consisting of manufacturer's time-current characteristic 
curves for individual protective devices, recommended settings of 
adjustable protective devices, and recommended ratings of 
non-adjustable protective devices.

System Coordinator

  Verification of experience and license number, of a registered 
Professional Engineer with at least 3 years of current experience 
in the design of coordinated power system protection.  Experience 
data shall include at least five references for work of a 
magnitude comparable to this contract, including points of 
contact, addresses and telephone numbers.  This engineer must 
perform items required by this section to be performed by a 
registered Professional Engineer.

Protective Relays

  Data shall including calibration and testing procedures and 
instructions pertaining to the frequency of calibration, 
inspection, adjustment, cleaning, and lubrication.

Installation

  Procedures including diagrams, instructions, and precautions 
required to properly install, adjust, calibrate, and test the 
devices and equipment.

SD-06 Test Reports

Field Testing

  The proposed test plan, prior to field tests.  Plan shall 
consist of complete field test procedure including tests to be 
performed, test equipment required, and tolerance limits, 
including complete testing and verification of the ground fault 
protection equipment, where used.  Performance test reports in 
booklet form showing all field tests performed to adjust each 
component and all field tests performed to prove compliance with 
the specified performance criteria, upon completion and testing of 
the installed system.  Each test report shall indicate the final 
position of controls.

SD-07 Certificates
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Devices and Equipment

  Certificates certifying that all devices or equipment meet the 
requirements of the contract documents.

1.3   SYSTEM DESCRIPTION

The power system covered by this specification consists of:  all electrical 
distribution equipment and components down stream of the load side of the 
existing primary switch.

1.4   QUALIFICATIONS

1.4.1   System Coordinator

System coordination, recommended ratings and settings of protective 
devices, and design analysis shall be accomplished by a registered 
professional electrical power engineer with a minimum of 3 years of current 
experience in the coordination of electrical power systems.

1.4.2   System Installer

Calibration, testing, adjustment, and placing into service of the 
protective devices shall be accomplished by a manufacturer's product field 
service engineer or independent testing company with a minimum of two years 
of current product experience in protective devices.

1.5   DELIVERY, STORAGE, AND HANDLING

Devices and equipment shall be visually inspected when received and prior 
to acceptance from conveyance.  Stored items shall be protected from the 
environment in accordance with the manufacturer's published instructions.  
Damaged items shall be replaced.

1.6   PROJECT/SITE CONDITIONS

Devices and equipment furnished under this section shall be suitable for 
the following site conditions.  Seismic details shall conform to Sections 
13080 SEISMIC PROTECTION FOR MISCELLANEOUS EQUIPMENT, 15070A SEISMIC 
PROTECTION FOR MECHANICAL EQUIPMENT AND 16070A SEISMIC PROTECTION FOR 
ELECTRICAL EQUIPMENT .

1.6.1   Altitude

Altitude:  750 feet

1.6.2   Ambient Temperature

Ambient Temperature:  80 degree F

1.6.3   Frequency

Frequency:  60
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1.6.4   Humidity Control

Humidity Control:  up to 95 percent, non-condensing

1.6.5   Ventilation

Ventilation:  as directed

1.6.6   Seismic Parameters

Seismic Parameters:  see Structural

PART 2   PRODUCTS

2.1   STANDARD PRODUCT

Protective devices and equipment shall be the standard product of a 
manufacturer regularly engaged in the manufacture of the product and shall 
essentially duplicate items that have been in satisfactory utility type use 
for at least two years prior to bid opening.

2.2   NAMEPLATES

Nameplates shall be provided to identify all protective devices and 
equipment.  Nameplate information shall be in accordance with NEMA AB 1, 
NEMA SG 3, or NEMA SG 5 as applicable.

2.3   CORROSION PROTECTION

Metallic materials shall be protected against corrosion.  Ferrous metal 
hardware shall be zinc or chrome-plated.

2.4   MOTOR CONTROLS AND MOTOR CONTROL CENTERS

Motor controls and motor control centers shall be in accordance with NEMA 
ICS 1, NEMA ICS 2, NEMA ICS 3 and NEMA ICS 6, and UL 508and UL 845  See 
Section 16402 INTERIOR DISTRIBUTION SYSTEM, for equipment requirements.

2.4.1   Motor Starters

Combination starters shall be provided with circuit breakers.

2.4.2   Reduced-Voltage Starters

Reduced-voltage starters shall be provided for polyphase motors 40 hp or 
larger.  Wye-delta reduced voltage starter or part winding increment 
starters having an adjustable time delay between application of voltage to 
first and second winding of motor, may be used in lieu of the reduced 
voltage starters specified above for starting of motor-generator sets, 
centrifugally operated equipment or reciprocating compressors provided with 
automatic unloaders.

2.4.3   Thermal-Overload Protection
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Each motor of  1/8 hp or larger shall be provided with thermal-overload 
protection.  Polyphase motors shall have overload protection in each 
ungrounded conductor.  The overload-protection device shall be provided 
either integral with the motor or controller, or shall be mounted in a 
separate enclosure.  Unless otherwise specified, the protective device 
shall be of the manually reset type.  Single or double pole tumbler 
switches specifically designed for alternating-current operation only may 
be used as manual controllers for single-phase motors having a current 
rating not in excess of 80 percent of the switch rating.

2.4.4   Low-Voltage Motor Overload Relays

2.4.4.1   General

Thermal and magnetic current overload relays shall conform to NEMA ICS 2 
and UL 508.  Overload protection shall be provided either integral with the 
motor or controller, and shall be rated in accordance with the requirements 
of NFPA 70.  Standard units shall be used for motor starting times up to 7 
second. Slow units shall be used for motor starting times from 8 to 12 
seconds. Quick trip units shall be used on hermetically sealed, submersible 
pumps, and similar motors.

2.4.4.2   Construction

Manual reset type thermal relays shall be bimetallic construction.  
Automatic reset type relays shall be bimetallic construction.  Magnetic 
current relays shall consist of a contact mechanism and a dash pot mounted 
on a common frame.

2.4.4.3   Ratings

Voltage ratings shall be not less than the applicable circuit voltage.  
Trip current ratings shall be established by selection of the replaceable 
overload device and shall not be adjustable.  Where the controller is 
remotely-located or difficult to reach, an automatic reset, non-compensated 
overload relay shall be provided.  Manual reset overload relays shall be 
provided otherwise, and at all locations where automatic starting is 
provided.  Where the motor is located in a constant ambient temperature, 
and the thermal device is located in an ambient temperature that regularly 
varies by more than  14 degrees F, an ambient temperature-compensated 
overload relay shall be provided.

2.4.5   Automatic Control Devices

2.4.5.1   Direct Control

Automatic control devices (such as thermostats, float or pressure switches) 
which control the starting and stopping of motors directly shall be 
designed for that purpose and have an adequate  horsepowerrating.

2.4.5.2   Pilot-Relay Control

Where the automatic-control device does not have such a rating, a magnetic 
starter shall be used, with the automatic-control device actuating the 
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pilot-control circuit.

2.4.5.3   Manual/Automatic Selection

a.  Where combination manual and automatic control is specified and 
the automatic-control device actuates the pilot control circuit of 
a magnetic starter, the magnetic starter shall be provided with a 
three-position selector switch marked MANUAL-OFF-AUTOMATIC.

b.  Connections to the selector switch shall only allow the normal 
automatic regulatory control devices to be bypassed when the 
switch is in the Manual position; all safety control devices, such 
as low-or high-pressure cutouts, high-temperature cutouts, and 
motor-overload protective devices, shall be connected in the 
motor-control circuit in both the Manual and the Automatic 
positions of the selector switch.  Control circuit connections to 
any MANUAL-OFF-AUTOMATIC switch or to more than one automatic 
regulatory control device shall be made in accordance with wiring 
diagram approved by the contracting Officer unless such diagram is 
included on the drawings.  All controls shall be 120 volts or less 
unless otherwise indicated.

2.5   LOW-VOLTAGE FUSES

2.5.1   General

Low-voltage fuses shall conform to NEMA FU 1.  Time delay and nontime delay 
options shall be as specified.  Equipment provided under this contract 
shall be provided with a complete set of properly rated fuses when the 
equipment manufacturer utilizes fuses in the manufacture of the equipment, 
or if current-limiting fuses are required to be installed to limit the 
ampere-interrupting capacity of circuit breakers or equipment to less than 
the maximum available fault current at the location of the equipment to be 
installed.  Fuses shall have a voltage rating of not less than the 
phase-to-phase circuit voltage, and shall have the time-current 
characteristics requires for effective power system coordination.

2.5.2   Cartridge Fuses; Noncurrent-Limiting Type

Cartridge fuses of the noncurrent-limiting type shall be Class H, 
nonrenewable, dual element, time lag type and shall have interrupting 
capacity of 10,000 amperes.  Class H Fuses shall conform to UL 198B.  At 
500 percent current, cartridge fuses shall not blow in less than 10 
seconds.  Cartridge fuses shall be used for circuits rated in excess of 30 
amperes, 125 volts, except where current-limiting fuses are indicated.

2.5.3   Cartridge Fuses; Current-Limiting Type

Cartridge fuses, current-limiting type, Class RK1 or RK5 shall have tested 
interrupting capacity not less than 100,000 amperes.  Fuse holders shall be 
the type that will reject Class H fuses.

a.  Class R fuses shall conform to UL 198E.
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2.5.3.1   Motor and Transformer Circuit Fuses

Motor, motor controller, transformer, and inductive circuit fuses shall be 
Class RK1 or RK5, current-limiting, time-delay with 100,000 amperes 
interrupting capacity.

2.6   MEDIUM-VOLTAGE AND HIGH-VOLTAGE FUSES

2.6.1   General

Medium-voltage and high-voltage fuses shall conform to NEMA SG 2 and shall 
be E-rated, C-rated, or R-rated current-limiting fuses as shown.

2.6.2   Construction

Units shall be suitable for outdoor use.  Fuses shall have integral 
blown-fuse indicators.  All ratings shall be clearly visible.

2.6.3   Ratings

Voltage ratings shall be not less than the applicable circuit voltage.  
Continuous-current ratings shall be as shown.

2.7   MOTOR SHORT-CIRCUIT PROTECTOR (MSCP)

2.7.1   General

Motor short-circuit protectors shall conform to UL 508 and shall be 
provided as shown.  Protectors shall be used only as part of a combination 
motor controller which provides coordinated motor branch-circuit overload 
and short-circuit protection, and shall be rated in accordance with the 
requirements of NFPA 70.

2.7.2   Construction

Motor short-circuit protector bodies shall be constructed of high 
temperature, dimensionally stable, long life, nonhygroscopic materials. 
Protectors shall fit special MSCP mounting clips and shall not be 
interchangeable with any commercially available fuses.  Protectors shall 
have 100 percent one-way interchangeability within the A-Y letter 
designations.  All ratings shall be clearly visible.

2.7.3   Ratings

Voltage ratings shall be not less than the applicable circuit voltage. 
Letter designations shall be A through Y for motor controller Sizes 0, 1, 
2, 3, 4, and 5, with 100,000 amperes interrupting capacity rating.  Letter 
designations shall correspond to controller sizes as follows:

                 CONTROLLER SIZE               MSCP DESIGNATION

                      NEMA 0                          A-N

                      NEMA 1                          A-P
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                 CONTROLLER SIZE               MSCP DESIGNATION

                      NEMA 2                          A-S

                      NEMA 3                          A-U

                      NEMA 4                          A-W

                      NEMA 5                          A-Y

2.8   MOLDED-CASE CIRCUIT BREAKERS

2.8.1   General

Molded-case circuit breakers shall conform to NEMA AB 1 and UL 489.  
Circuit breakers may be installed in panelboards, switchboards, enclosures, 
motor control centers, or combination motor controllers.  Circuit breakers 
and circuit breaker enclosures located in hazardous (classified) areas 
shall conform to UL 877.

2.8.2   Construction

Molded-case circuit breakers shall be assembled as an integral unit in a 
supporting and enclosing housing of glass reinforced insulating material 
providing high dielectric strength.  Circuit breakers shall be suitable for 
mounting and operating in any position.  Lugs shall be listed for copper 
conductors only in accordance with UL 486E.  Single-pole circuit breakers 
shall be full module size with not more than one pole per module.  
Multi-pole circuit breakers shall be of the common-trip type having a 
single operating handle such that an overload or short circuit on any one 
pole will result in all poles opening simultaneously.  Sizes of 100 amperes 
or less may consist of single-pole breakers permanently factory assembled 
into a multi-pole unit having an internal, mechanical, nontamperable 
common-trip mechanism and external handle ties.  All circuit breakers shall 
have a quick-make, quick-break overcenter toggle-type mechanism, and the 
handle mechanism shall be trip-free to prevent holding the contacts closed 
against a short-circuit or sustained overload.  All circuit breaker handles 
shall assume a position between "ON" and "OFF" when tripped automatically.  
All ratings shall be clearly visible.

2.8.3   Ratings

Voltage ratings shall be not less than the applicable circuit voltage.  The 
interrupting rating of the circuit breakers shall be at least equal to the 
available short-circuit current at the line terminals of the circuit 
breaker and correspond to the UL listed integrated short-circuit current 
rating specified for the panelboards and switchboards.  Molded-case circuit 
breakers shall have nominal voltage ratings, maximum continuous-current 
ratings, and maximum short-circuit interrupting ratings in accordance with 
NEMA AB 1.  Ratings shall be coordinated with system X/R ratio.  Series 
ratings are not acceptable.

2.8.4   Thermal-Magnetic Trip Elements
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Thermal magnetic circuit breakers shall be provided as shown.  Automatic 
operation shall be obtained by means of thermal-magnetic tripping devices 
located in each pole providing inverse time delay and instantaneous circuit 
protection.  The instantaneous magnetic trip shall be adjustable and 
accessible from the front of all circuit breakers on frame sizes of 100 
amperes and above.

2.8.5   Solid-State Trip Elements

Solid-state circuit breakers shall be provided as shown.  All electronics 
shall be self-contained and require no external relaying, power supply, or 
accessories.  Printed circuit cards shall be treated to resist moisture 
absorption, fungus growth, and signal leakage.  All electronics shall be 
housed in an enclosure which provides protection against arcs, magnetic 
interference, dust, and other contaminants.  Solid-state sensing shall 
measure true RMS current with error less than one percent on systems with 
distortions through the 13th harmonic.  Peak or average actuating devices 
are not acceptable.  Current sensors shall be toroidal construction, 
encased in a plastic housing filled with epoxy to protect against damage 
and moisture and shall be integrally mounted on the breaker.  Circuit 
breakers shall have tripping features as shown on the drawings and as 
described below:

a.  Long-time current pick-up, adjustable from 50 percent to 100 
percent of continuous current rating.

b.  Adjustable long-time delay.

c.  Short-time current pick-up, adjustable from 1.5 to 9 times 
long-time current setting.

d.  Adjustable short-time delay.

e.  Short-time I square times t switch.

f.  Instantaneous current pick-up, adjustable from 1.5 to 9 times 
long-time current setting.

g.  Ground-fault pick-up, adjustable from 20 percent to 60 percent of 
sensor rating, but in no case greater than 1200 amperes.  Sensing 
of ground-fault current at the main bonding jumper or ground strap 
shall not be permitted.  Zone-selective interlocking shall be 
provided as shown.

h.  Adjustable ground-fault delay.

i.  Ground-fault I square times t switch.

j.  Overload Short-circuit and Ground-fault trip indicators shall be 
provided.

2.8.6   SWD Circuit Breakers
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Circuit breakers rated 15 amperes or 20 amperes and intended to switch 277 
volts or less fluorescent lighting loads shall be marked "SWD."

2.8.7   HACR Circuit Breakers

Circuit breakers 60 amperes or below, 240 volts, 1-pole or 2-pole, intended 
to protect multi-motor and combination-load installations involved in 
heating, air conditioning, and refrigerating equipment shall be marked 
"Listed HACR Type."

2.8.8   Motor Circuit Protectors (MCP)

Motor circuit protectors shall conform to NEMA AB 1 and UL 489 and shall be 
provided as shown.  MCPs shall consist of an adjustable instantaneous trip 
circuit breaker in conjunction with a combination motor controller which 
provides coordinated motor circuit overload and short-circuit protection.  
Motor Circuit Protectors shall be rated in accordance with NFPA 70.

2.9   INSTRUMENT TRANSFORMERS

2.9.1   General

Instrument transformers shall comply with ANSI C12.11 and IEEE C57.13.  
Instrument transformers shall be configured for mounting in/on the device 
to which they are applied.  Polarity marks on instrument transformers shall 
be visually evident and shown on the drawings.

2.9.2   Current Transformers

Unless otherwise indicated, bar, wound, or window-type transformers are 
acceptable; and except for window-type units installed over insulated 
buses, transformers shall have a BIL rating consistent with the rated BIL 
of the associated switchgear or electric power apparatus bushings, buses or 
conductors.  Current transformers shall have the indicated ratios.  The 
continuous thermal-current rating factor shall be not less than 3.0.  Other 
thermal and mechanical ratings of current transformers and their primary 
leads shall be coordinated with the design of the circuit breaker and shall 
be not less than the momentary rating of the associated circuit breaker.  
Circuit protectors shall be provided across secondary leads of the current 
transformers to prevent the accidental open-circuiting of the transformers 
while energized.  Each terminal of each current transformer shall be 
connected to a short-circuiting terminal block in the circuit interrupting 
mechanism cabinet, power transformer terminal cabinet, and in the 
associated instrument and relay cabinets.

2.9.2.1   Current Transformers for Power Transformers

Single-ratio bushing type current transformers shall be provided internally 
around power transformer bushings as shown.  Single-ratio units shall have 
a minimum metering accuracy class of 0.3B-0.5.  

2.9.2.2   Current Transformers for kW Hour and Demand Metering (Low Voltage)

Current transformers shall conform to IEEE C57.13.  Current transformers 
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with a metering accuracy Class of 0.3 through B-0.5, with a minimum RF of 
3.0 at  86 degrees F, with 600-volt insulation, and 10 kV BIL shall be 
provided.  Butyl-molded, window-type current transformers mounted on the 
transformer low-voltage bushings shall be provided.  Route current 
transformer leads in a location as remote as possible from the power 
transformer secondary cables to permit current measurements to be taken 
with hook-on-ammeters. 

2.9.2.3   Voltage Transformers

Voltage transformers shall have indicated ratios.  Units shall have an 
accuracy rating of 0.3.  Voltage transformers shall be of the drawout type 
having current-limiting fuses in both primary and secondary circuits. 
Mechanical interlocks shall prevent removal of fuses, unless the associated 
voltage transformer is in a drawout position.  Voltage transformer 
compartments shall have hinged doors.

2.10   COORDINATED POWER SYSTEM PROTECTION

Analyses shall be prepared to demonstrate that the equipment selected and 
system constructed meet the contract requirements for ratings, 
coordination, and protection.  They shall include a load flow analysis, a 
fault current analysis, and a protective device coordination study.  The 
studies shall be performed by a registered professional engineer with 
demonstrated experience in power system coordination in the last 3 years.  
The Contractor shall provide a list of references complete with points of 
contact, addresses and telephone numbers.  The selection of the engineer is 
subject to the approval of the Contracting Officer.

2.10.1   Scope of Analyses

The fault current analysis, and protective device coordination study shall 
begin at:  the existing 15 kV padmount switch and extend down to system 
buses where fault availability is 10,000 amperes (symmetrical) or less for 
building/facility 208 volt level distribution buses. 

2.10.2   Determination of Facts

The time-current characteristics, features, and nameplate data for each 
existing protective device shall be determined and documented.  The 
Contractor shall coordinate with the commercial power company for fault 
current availability at the site.  

2.10.3   Single Line Diagram

A single line diagram shall be prepared to show the electrical system 
buses, devices, transformation points, and all sources of fault current 
(including generator and motor contributions).  A fault-impedance diagram 
or a computer analysis diagram may be provided.  Each bus, device or 
transformation point shall have a unique identifier.  If a fault-impedance 
diagram is provided, impedance data shall be shown.  Location of switches, 
breakers, and circuit interrupting devices shall be shown on the diagram 
together with available fault data, and the device interrupting rating.
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2.10.4   Fault Current Analysis

2.10.4.1   Method

The fault current analysis shall be performed in accordance with methods 
described in IEEE Std 242, and IEEE Std 399.

2.10.4.2   Data

Actual data shall be utilized in fault calculations.  Bus characteristics 
and transformer impedance shall be those proposed.  Data shall be 
documented in the report.

2.10.4.3   Fault Current Availability

Balanced three-phase fault, bolted line-to-line fault, and line-to-ground 
fault current values shall be provided at each voltage transformation point 
and at each power distribution bus.  The maximum and minimum values of 
fault available at each location shall be shown in tabular form on the 
diagram or in the report.

2.10.5   Coordination Study

The study shall demonstrate that the maximum possible degree of selectivity 
has been obtained between devices specified, consistent with protection of 
equipment and conductors from damage from overloads and fault conditions. 
The study shall include a description of the coordination of the protective 
devices in this project.  A written narrative shall be provided describing: 
 which devices may operate in the event of a fault at each bus; the logic 
used to arrive at device ratings and settings; situations where system 
coordination is not achievable due to device limitations (an analysis of 
any device curves which overlap); coordination between upstream and 
downstream devices; and relay settings.  Recommendations to improve or 
enhance system reliability, and detail where such changes would involve 
additions or modifications to the contract and cost damages (addition or 
reduction) shall be provided.  Composite coordination plots shall be 
provided on log-log graph paper.

2.10.6   Study report

a.  The report shall include a narrative describing:  the analyses 
performed; the bases and methods used; and the desired method of 
coordinated protection of the power system.

b.  The study shall include descriptive and technical data for 
existing devices and new protective devices proposed.  The data 
shall include manufacturers published data, nameplate data, and 
definition of the fixed or adjustable features of the existing or 
new protective devices.

c.  The report shall document utility company data including system 
voltages, fault MVA, system X/R ratio, time-current characteristic 
curves, current transformer ratios, and relay device numbers and 
settings.
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d.  The report shall contain fully coordinated composite time-current 
characteristics curves for each bus in the system, as required to 
ensure coordinated power system protection between protective 
devices or equipment.  The report shall include recommended 
ratings and settings of all protective devices in tabulated form.

e.  The report shall provide the calculation performed for the 
analyses, including computer analysis programs utilized.  The name 
of the software package, developer, and version number shall be 
provided.

PART 3   EXECUTION

3.1   VERIFICATION OF DIMENSIONS

After becoming familiar with details of the work, the Contractor shall 
verify dimensions in the field, and shall advise the Contracting Officer of 
any discrepancy before performing any work.

3.2   INSTALLATION

Protective devices shall be installed in accordance with the manufacturer's 
published instructions and in accordance with the requirements of NFPA 70 
and IEEE C2.

3.3   FIELD TESTING

3.3.1   General

Field testing shall be performed in the presence of the Contracting 
Officer.  The Contractor shall notify the Contracting Officer 10 days prior 
to conducting tests.  The Contractor shall furnish all materials, labor, 
and equipment necessary to conduct field tests.  The Contractor shall 
perform all tests and inspections recommended by the manufacturer unless 
specifically waived by the Contracting Officer.  The Contractor shall 
maintain a written record of all tests which includes date, test performed, 
personnel involved, devices tested, serial number and name of test 
equipment, and test results.

3.3.2   Safety

The Contractor shall provide and use safety devices such as rubber gloves, 
protective barriers, and danger signs to protect and warn personnel in the 
test vicinity.  The Contractor shall replace any devices or equipment which 
are damaged due to improper test procedures or handling.

3.3.3   Molded-Case Circuit Breakers

Circuit breakers shall be visually inspected, operated manually, and 
connections checked for tightness.  Current ratings shall be verified and 
adjustable settings incorporated in accordance with the coordination study.

        -- End of Section --
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SECTION 16510

INTERIOR LIGHTING
08/04

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM A 641/A 641M (2003) Zinc-Coated (Galvanized) Carbon 
Steel Wire

ILLUMINATING ENGINEERING SOCIETY OF NORTH AMERICA (IESNA)

IESNA HB-9 (2000) Lighting Handbook

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (2002) National Electrical Safety Code

IEEE C62.41 (1991; R 1995) Recommended Practice for 
Surge Voltages in Low-Voltage AC Power 
Circuits

IEEE Std 100 (2000) IEEE Standard Dictionary of 
Electrical and Electronics Terms

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2003) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA C78.1381 (1998) Electric Lamps - 250-Watt, 70 Watt, 
M85 Metal-Halide Lamps

NEMA C78.42 (2001) Guidelines for High-Pressure Sodium 
Lamps

NEMA C78.43 (2004) Electric Lamps - Single-Ended 
Metal-Halide Lamps

NEMA C78.81 (2003) Electric Lamps - Double-capped 
Fluorescent Lamps Dimensional and 
Electrical Characteristics

NEMA C78.901 (2001) Electric Lamps - Single Base 
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Fluorescent Lamps Dimensional and 
Electrical Characteristics

NEMA C82.11 (2002) High-Frequency Fluorescent Lamp 
Ballasts

NEMA C82.4 (1992) Ballasts for 
High-Intensity-Discharge and Low-Pressure 
Sodium Lamps (Multiple-Supply Type)

NEMA ICS 2 (2000) Industrial Controls and Systems: 
Controllers, Contactors, and Overload 
Relays Rated Not More than 2000 Volts AC 
or 750 Volts DC

NEMA ICS 6 (1993; R 2001) Industrial Control and 
Systems: Enclosures

NEMA LL 1 (1997; R 2002) Procedures for Linear 
Fluorescent Lamp Sample Preparation and 
the TCLP

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 101 (2003) Life Safety Code

NFPA 70 (2005) National Electrical Code

UNDERWRITERS LABORATORIES (UL)

UL 1029 (1994; Rev thru Feb 2001) 
High-Intensity-Discharge Lamp Ballasts

UL 1598 (2000) Luminaires

UL 20 (2000; Rev thru Jun 2002) General-Use Snap 
Switches

UL 773 (1995; Rev thru Mar 2002) Plug-In Locking 
Type Photocontrols for Use with Area 
Lighting

UL 773A (1995; Rev thru Jul 2003) Nonindustrial 
Photoelectric Switches for Lighting Control

UL 924 (1995; Rev thru Jul 2001) Emergency 
Lighting and Power Equipment

UL 935 (2001) Fluorescent-Lamp Ballasts

1.2   RELATED REQUIREMENTS

Materials not considered to be lighting equipment or lighting fixture 
accessories are specified in Section 16402 INTERIOR DISTRIBUTION SYSTEM.  
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Lighting fixtures and accessories mounted on exterior surfaces of buildings 
are specified in this section.

1.3   DEFINITIONS

a.  Unless otherwise specified or indicated, electrical and electronics 
terms used in these specifications, and on the drawings, shall be as 
defined in IEEE Std 100.

b.  Average life is the time after which 50 percent will have failed and 50 
percent will have survived under normal conditions.

c.  Total harmonic distortion (THD) is the root mean square (RMS) of all 
the harmonic components divided by the total fundamental current.

1.4   SYSTEM DESCRIPTION

1.4.1   Lighting Control System

Provide lighting control system as indicated.  Lighting control equipment 
shall include, if indicated:  control modules, power packs, dimming 
ballasts, occupancy sensors, and light level sensors.

1.5   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only or as 
otherwise designated.  When used, a designation following the "G" 
designation identifies the office that will review the submittal for the 
Government.  The following shall be submitted in accordance with Section 
01330 SUBMITTAL PROCEDURES:

Data, drawings, and reports shall employ the terminology, classifications, 
and methods prescribed by the IESNA HB-9, as applicable, for the lighting 
system specified.

SD-03 Product Data

Fluorescent lighting fixtures; G-AO

Fluorescent electronic ballasts

Fluorescent lamps; G-AO

High-intensity-discharge (HID) lighting fixtures; G-AO

HID ballasts; G-AO

High-pressure sodium (HPS) lamps; G-AO

Metal-halide lamps; G-AO

Incandescent lighting fixtures; G-AO
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Incandescent lamps; G-AO

Dimmer switch; G-AO

Lighting contactor; G-AO

Photocell switch; G-AO

Exit signs; G-AO

Emergency lighting equipment; G-AO

Occupancy sensors; G-AO

Electronic dimming ballast; G-AO

Dimming ballast controls; G-AO

SD-06 Test Reports

Operating test

Submit test results as stated in paragraph entitled "Field Quality 
Control."

SD-10 Operation and Maintenance Data

Lighting Control System, Data Package 5; G-AO

Submit operation and maintenance data in accordance with Section 
01781 OPERATION AND MAINTENANCE DATA and as specified herein, 
showing all light fixtures, control modules, control zones, 
occupancy sensors, light level sensors, power packs, dimming 
ballasts, schematic diagrams  and all interconnecting control 
wire, conduit, and associated hardware.

1.6   QUALITY ASSURANCE

1.6.1   Fluorescent Electronic Ballasts

Submit ballast catalog data as required in the paragraph entitled 
"Fluorescent Lamp Electronic Ballasts" contained herein.  As an option, 
submit the fluorescent fixture manufacturer's electronic ballast 
specification information in lieu of the actual ballast manufacturer's 
catalog data.  This information shall include published specifications and 
sketches, which covers the information required by the paragraph entitled 
"Fluorescent Lamp Electronic Ballasts" herein.  This information may be 
supplemented by catalog data if required, and shall contain a list of 
vendors with vendor part numbers.

1.6.2   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" had been 
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substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction," or words of 
similar meaning, to mean the Contracting Officer.  Equipment, materials, 
installation, and workmanship shall be in accordance with the mandatory and 
advisory provisions of NFPA 70 unless more stringent requirements are 
specified or indicated.

1.6.3   Standard Products

Provide materials and equipment that are products of manufacturers 
regularly engaged in the production of such products which are of equal 
material, design and workmanship.  Products shall have been in satisfactory 
commercial or industrial use for 2 years prior to bid opening.  The 2-year 
period shall include applications of equipment and materials under similar 
circumstances and of similar size.  The product shall have been on sale on 
the commercial market through advertisements, manufacturers' catalogs, or 
brochures during the 2-year period.  Where two or more items of the same 
class of equipment are required, these items shall be products of a single 
manufacturer; however, the component parts of the item need not be the 
products of the same manufacturer unless stated in this section.

1.6.3.1   Alternative Qualifications

Products having less than a 2-year field service record will be acceptable 
if a certified record of satisfactory field operation for not less than 
6000 hours, exclusive of the manufacturers' factory or laboratory tests, is 
furnished.

1.6.3.2   Material and Equipment Manufacturing Date

Products manufactured more than 3 years prior to date of delivery to site 
shall not be used, unless specified otherwise.

1.7   WARRANTY

The equipment items shall be supported by service organizations which are 
reasonably convenient to the equipment installation in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

1.7.1   Electronic Ballast Warranty

Furnish the electronic ballast manufacturer's warranty.  The warranty 
period shall not be less than 5 years from the date of manufacture of the 
electronic ballast.  Ballast assembly in the lighting fixture, 
transportation, and on-site storage shall not exceed 12 months, thereby 
permitting 4 years of the ballast 5 year warranty to be in service and 
energized.  The warranty shall state that the malfunctioning ballast shall 
be exchanged by the manufacturer and promptly shipped to the using 
Government facility.  The replacement ballast shall be identical to, or an 
improvement upon, the original design of the malfunctioning ballast.

PART 2   PRODUCTS
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2.1   FLUORESCENT LIGHTING FIXTURES

UL 1598.  Fluorescent fixtures shall have electronic ballasts unless 
specifically indicated otherwise.

2.1.1   Fluorescent Lamp Electronic Ballasts

The electronic ballast shall as a minimum meet the following 
characteristics:

a.  Ballast shall comply with UL 935, NEMA C82.11, and NFPA 70 unless 
specified otherwise.  Ballast shall be 100% electronic high frequency 
type with no magnetic core and coil components.  Ballast shall provide 
transient immunity as recommended by IEEE C62.41.  Ballast shall be 
designed for the wattage of the lamps used in the indicated 
application.  Ballasts shall be designed to operate on the voltage 
system to which they are connected.

b.  Power factor shall be 0.95 (minimum).

c.  Ballast shall operate at a frequency of 20,000 Hertz (minimum).  
Ballast shall be compatible with and not cause interference with the 
operation of occupancy sensors or other infrared control systems.  
Provide ballasts operating at or above 40,000 Hertz where available.

d.  Ballast shall have light regulation of plus or minus 10 percent lumen 
output with a plus or minus 10 percent input voltage regulation.  
Ballast shall have 10 percent flicker (maximum) using any compatible 
lamp.

e.  Ballast factor shall be between 0.85 (minimum) and 1.00 (maximum).  
Current crest factor shall be 1.7 (maximum).

f.  Ballast shall be UL listed Class P with a sound rating of "A."

g.  Ballast shall have circuit diagrams and lamp connections displayed on 
the ballast.

h.  Ballasts shall be program start unless otherwise indicated.  Ballasts 
shall be programmed start where controlled by occupancy sensors.  
Program start ballasts shall operate lamps in a parallel circuit 
configuration that permits the operation of remaining lamps if one or 
more lamps fail or are removed.  Programmed start ballasts may operate 
lamps in a series circuit configuration.  Provide series/parallel 
wiring for programmed start ballasts where available.

i.  Ballasts for compact fluorescent fixtures shall be programmed start.

j.  Ballasts for T-5 and smaller lamps shall have end-of-life protection 
circuits as required by NEMA C78.81 and NEMA C78.901 as applicable.

k.  Ballast shall be capable of starting and maintaining operation at a 
minimum of 0 degrees F unless otherwise indicated.
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l.  Electronic ballast shall have a full replacement warranty of 5 years 
from date of manufacture as specified in paragraph entitled "Electronic 
Ballast Warranty" herein.

2.1.1.1   T-8 Lamp Ballast

a.  Total harmonic distortion (THD):  Shall be 10 percent (maximum).

b.  Input wattage.

1.  32 watts (maximum) when operating one F32T8 lamp

2.  62 watts (maximum) when operating two F32T8 lamps

2.  92 watts (maximum) when operating three F32T8 lamps

3.  114 watts (maximum) when operating four F32T8 lamps

c.  Provide three and four lamp fixtures with two ballasts per fixture 
where multilevel switching is indicated.

d.  A single ballast may be used to serve multiple fixtures if they are 
continuously mounted and factory manufactured for that installation 
with an integral wireway.

2.1.1.2   F17T8 Lamp Ballast

a.  Total harmonic distortion (THD):  Shall be 10 percent (maximum).

b.  Input wattage:

1.  34 watts (maximum) when operating two F17T8 lamps.

2.  64 watts (maximum) when operating four F17T8 lamps.

2.1.2   Fluorescent Lamp Electronic Dimming Ballast

The electronic ballast shall as a minimum meet the following 
characteristics:

a.  Ballast shall comply with NEMA C82.11, UL 935, and NFPA 70, unless 
specified otherwise.  Ballast shall provide transient immunity as 
recommended by IEEE C62.41.  Ballast dimming capability range shall be 
from 100 to 5 percent (minimum range) of light output, flicker free.  
Ballast shall start lamp at any preset light output setting without 
first having to go to full light output.  Ballast shall be designed for 
the wattage of the lamps used in the indicated application.  Ballasts 
shall be designed to operate on the voltage system to which they are 
connected.

b.  Power factor shall be 0.95 (minimum) at full light output, and 0.90 
(minimum) over the entire dimming range.

c.  Ballast shall operate at a frequency of 20,000 Hertz (minimum).  
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Ballast shall be compatible with and not cause interference with the 
operation of occupancy sensors or other infrared control systems.  
Provide ballasts operating at or above 40,000 Hertz where available.

d.  Ballast factor at full light output shall be between 0.85 (minimum) and 
1.00 (maximum).  Current crest factor shall be 1.7 (maximum).

e.  Ballast shall be UL listed Class P with a sound rating of "A".

f.  Ballast shall have circuit diagrams and lamp connections displayed on 
the ballast.

g.  Ballast shall be programmed start.  Ballast may operate lamps in a 
series circuit configuration.  Provide series/parallel wiring for 
programmed start ballasts where available.

h.  Ballasts for compact fluorescent fixtures shall be programmed start.

i.  Ballast shall be capable of starting and maintaining operation at a 
minimum of 0 degrees F unless otherwise indicated.

j.  Total harmonic distortion (THD):  Shall be 20 percent (maximum) over 
the entire dimming range.

k.  Ballasts for T-5 and smaller lamps shall have end-of-life protection 
circuits as required by NEMA C78.81 and NEMA C78.901 as applicable.

2.1.2.1   T-8 Lamp Ballast

Input wattage, for indicated lamp quantity shall be:

a.  35 watts (maximum) when operating one F32T8 lamp.

b.  70 watts (maximum) when operating two F32T8 lamps.

c.  104 watts (maximum) when operating three F32T8 lamps.

2.1.3   Dimming Ballast Controls

The dimming ballast controls shall be a slide dimmer with on/off control.  
The slide dimmer shall be compatible with the ballast and control the 
ballast light output over the full dimming range.  Dimming ballast controls 
shall be approved by the ballast manufacturer.

2.1.4   Light Level Sensor

UL listed.  Light level sensor shall be capable of detecting changes in 
ambient lighting levels, shall provide a dimming range of 20 percent to 100 
percent, minimum, and shall be designed for use with dimming ballast and 
voltage system to which they are connected.  Sensor shall be capable of 
controlling 40 electronic dimming ballast, minimum.  Sensor light level 
shall be adjustable and have a set level range from 10 to 100 footcandles, 
minimum.  Sensor shall have a bypass function to electrically override 
sensor control.
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2.1.5   Fluorescent Lamps

a.  T-8 rapid start low mercury lamps shall be rated 32 watts (maximum), 
2800 initial lumens (minimum), CRI of 75 (minimum), color temperature 
of 3500 K, and an average rated life of 20,000 hours.  Low mercury 
lamps shall have passed the EPA Toxicity Characteristic Leachate 
Procedure (TCLP) for mercury by using the lamp sample preparation 
procedure described in NEMA LL 1.

b.  T-8 rapid start lamp, 17 watt (maximum), nominal length of 24 inches, 
1300 initial lumens, CRI of 75 (minimum), color temperature of 3500 K, 
and an average rated life of 20,000 hours.

c.  Compact fluorescent lamps shall be:  CRI 80, minimum, 3500 K, 10,000 
hours average rated life, and as follows:

1.  T-4, double twin tube, rated 13 watts, 900 initial lumens 
(minimum), 18 watts, 1200 initial lumens (minimum), and 26 watts, 
1800 initial lumens (minimum),.

Average rated life is based on 3 hours operating per start.

2.1.6   Compact Fluorescent Fixtures

Compact fluorescent fixtures shall be manufactured specifically for compact 
fluorescent lamps with ballasts integral to the fixture.  Providing 
assemblies designed to retrofit incandescent fixtures is prohibited except 
when specifically indicated for renovation of existing fixtures.  Fixtures 
shall use lamps as indicated.

2.1.7   Open-Tube Fluorescent Fixtures

Provide with self-locking sockets, or lamp retainers (two per lamp).

2.1.8   Electromagnetic Interference Filters

Provide in each fluorescent fixture mounted where indicated.  Filters shall 
be integral to the fixture assembly with one filter per ballast and shall 
suppress electromagnetic interference in the AM radio band from 500 to 1700 
kHz.

2.2   HIGH-INTENSITY-DISCHARGE (HID) LIGHTING FIXTURES

UL 1598.  Provide HID fixtures with tempered glass lenses when using 
metal-halide lamps.

2.2.1   HID Ballasts

UL 1029 and NEMA C82.4 and shall be constant wattage autotransformer (CWA) 
or regulator, high power factor type.  Provide single-lamp ballasts which 
shall have a minimum starting temperature of minus 30 degrees C.  Ballasts 
shall be:
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a.  Designed to operate on the voltage system to which they are connected.

b.  Designed for installation in a normal ambient temperature of 40 degrees 
C.

c.  Constructed so that open circuit operation will not reduce the average 
life.

High-pressure sodium (HPS) ballasts shall have a solid-state 
igniter/starter with an average life in the pulsing mode of 3500 hours at 
the intended ambient temperature.  Igniter case temperature shall not 
exceed 90 degrees C in any mode.

2.2.2   High-Pressure Sodium (HPS) Lamps

NEMA C78.42 wattage as indicated.  150 watt lamps, if required, shall be 55 
volt type.

2.2.3   Metal-Halide Lamps

a.  Double-ended, 70 watt, conforming to NEMA C78.1381

b.  Single-ended, wattage as indicated, conforming to NEMA C78.43

2.3   INCANDESCENT LIGHTING FIXTURES

UL 1598.

2.3.1   Incandescent Lamps

Provide the number, type, and wattage indicated.

2.4   RECESS- AND FLUSH-MOUNTED FIXTURES

Provide type that can be relamped from the bottom.  Access to ballast shall 
be from the bottom.  Trim for the exposed surface of flush-mounted fixtures 
shall be as indicated.

2.5   SUSPENDED FIXTURES

Provide hangers capable of supporting twice the combined weight of fixtures 
supported by hangers.  Provide with swivel hangers to ensure a plumb 
installation.  Hangers shall be cadmium-plated steel with a swivel-ball 
tapped for the conduit size indicated. Hangers shall allow fixtures to 
swing within an angle of 45 degrees.  Brace pendants 4 feet or longer to 
limit swinging.  Single-unit suspended fluorescent fixtures shall have 
twin-stem hangers.  Multiple-unit or continuous row fluorescent fixtures 
shall have a tubing or stem for wiring at one point and a tubing or rod 
suspension provided for each unit length of chassis, including one at each 
end.  Rods shall be a minimum 0.18 inch diameter.

2.6   SWITCHES

2.6.1   Toggle Switches
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Provide toggle switches as specified in Section 16402 INTERIOR DISTRIBUTION 
SYSTEM.

2.6.2   Incandescent Dimmer Switch

UL 20, single-pole, 1200 watt, 120 volt ac, full-range rotary on-off type 
with built-in electromagnetic interference filter.

2.7   LIGHTING CONTACTOR

NEMA ICS 2, electrically held contactor.  Contacts shall be rated 277 
volts, 30 amperes, and number of poles as indicated.  Rate contactor coils 
as indicated.  Provide in NEMA 1 enclosure conforming to NEMA ICS 6.  
Contactor shall have silver alloy double-break contacts.  Provide contactor 
with hand-off-automatic selector switch.

2.8   PHOTOCELL SWITCH

UL 773 or UL 773A, hermetically sealed cadmium-sulfide or silicon diode 
type cell rated 120 or 277 volts ac, 60 Hz with single-throw contacts.  
Switch shall be field adjustable and suitable for indoor applications.  A 
time delay shall prevent accidental switching from transient light sources. 
 Provide switch:

a.  Integral to the luminaire, rated 1000W minimum.  Provide a directional 
lens in front of the cell to prevent fixed light sources from creating 
a turnoff condition.

b.  In a cast weatherproof aluminum housing with adjustable window slide, 
rated 1800 VA, minimum.

2.9   EXIT SIGNS

UL 924, NFPA 70, and NFPA 101.  Exit signs shall be self-powered type.

2.9.1   Self-Powered LED Type Exit Signs (Battery Backup)

Provide with automatic power failure device, test switch, pilot light, 
integral self-testing module and fully automatic high/low trickle charger 
in a self-contained power pack.  Battery shall be sealed electrolyte type, 
shall operate unattended, and require no maintenance, including no 
additional water, for a period of not less than 5 years.  LED exit sign 
shall have emergency run time of 1 1/2 hours (minimum).  The light emitting 
diodes shall have rated lamp life of 70,000 hours (minimum).

2.10   EMERGENCY LIGHTING EQUIPMENT

UL 924, NFPA 70, and NFPA 101.  Provide lamps in wattage indicated.

2.10.1   Emergency Lighting Unit

Provide as indicated.  Emergency lighting units shall be rated for 12 
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volts, except units having no remote-mounted lamps and having no more than 
two unit-mounted lamps may be rated 6 volts.  Equip units with brown-out 
sensitive circuit to activate battery when ac input falls to 75 percent of 
normal voltage.  Provide integral self-testing module.

2.10.2   Fluorescent Emergency System

Each system shall consist of an automatic power failure device, test switch 
operable from outside of the fixture, pilot light visible from outside the 
fixture, and fully automatic solid-state charger in a self-contained power 
pack.  Provide self-testing module integral to the fixture.  Charger shall 
be either trickle, float, constant current or constant potential type, or a 
combination of these.  Battery shall be sealed electrolyte type with 
capacity as required to supply power to 2 lamps for 90 minutes at a minimum 
of 1100 lumens per lamp output.  Battery shall operate unattended and 
require no maintenance, including no additional water, for a period of not 
less than 5 years.  Emergency ballasts provided with fixtures containing 
solid-state ballasts shall be fully compatible with the solid-state 
ballasts.

2.11   SELF-TESTING MODULE

Self-testing module for exit signs and emergency lighting equipment shall 
perform the following functions:

a.  Continuous monitoring of charger operation and battery voltage with 
visual indication of normal operation and of malfunction.

b.  Monthly discharge cycling of battery with monitoring of transfer 
circuit function, battery capacity and emergency lamp operation with 
visual indication of malfunction.  The battery capacity test may be 
conducted by using a synthetic load.

c.  Manual test switch to simulate a discharge test cycle.

d.  Module shall have low voltage battery disconnect (LVD) and brown-out 
protection circuit.

2.12   OCCUPANCY SENSORS

UL listed.  Occupancy sensors and power packs shall be designed to operate 
on the voltage indicated.  Sensors and power packs shall have circuitry 
that only allows load switching at or near zero current crossing of supply 
voltage.  Occupancy sensor mounting as indicated.  Sensor shall have an LED 
occupant detection indicator.  Sensor shall have adjustable sensitivity and 
adjustable delayed-off time range of 5 minutes to 15 minutes, minimum.  
Wall mounted sensors shall be white, ceiling mounted sensors shall be 
white.  Ceiling mounted sensors shall have 360 degree coverage unless 
otherwise indicated.

a.  Ultrasonic/Infrared Combination Sensor

Occupancy detection to turn lights on requires both ultrasonic and 
infrared sensor detection.  Lights shall remain on if either the 
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ultrasonic or infrared sensor detects movement.  Infrared sensor shall 
have lens selected for indicated usage and daylight filter to prevent 
short wavelength infrared interference.  Ultrasonic sensor frequency 
shall be crystal controlled.

2.13   SUPPORT HANGERS FOR LIGHTING FIXTURES IN SUSPENDED CEILINGS

2.13.1   Wires

ASTM A 641/A 641M, galvanized regular coating, soft temper, 0.1055 inches 
in diameter (12 gage).

2.14   MANUFACTURER'S NAMEPLATE

Each item of equipment shall have a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.

2.15   FACTORY APPLIED FINISH

Electrical equipment shall have factory-applied painting systems which 
shall, as a minimum, meet the requirements of NEMA 250 corrosion-resistance 
test.

PART 3   EXECUTION

3.1   INSTALLATION

Electrical installations shall conform to IEEE C2, NFPA 70, and to the 
requirements specified herein.

3.1.1   Lamps

Lamps of the type, wattage, and voltage rating indicated shall be delivered 
to the project in the original cartons and installed just prior to project 
completion.  Lamps installed and used for working light during construction 
shall be replaced prior to turnover to the Government if more than 15 
percent of their rated life has been used.  Lamps shall be tested for 
proper operation prior to turn-over and shall be replaced if necessary with 
new lamps from the original manufacturer.  Provide 10 percent spare lamps 
of each type from the original manufacturer.

3.1.2   Lighting Fixtures

Set lighting fixtures plumb, square, and level with ceiling and walls, in 
alignment with adjacent lighting fixtures, and secure in accordance with 
manufacturers' directions and approved drawings.  Installation shall meet 
requirements of NFPA 70.  Mounting heights specified or indicated shall be 
to the bottom of fixture for ceiling-mounted fixtures and to center of 
fixture for wall-mounted fixtures.  Obtain approval of the exact mounting 
for lighting fixtures on the job before commencing installation and, where 
applicable, after coordinating with the type, style, and pattern of the 
ceiling being installed.  Recessed and semi-recessed fixtures shall be 
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independently supported from the building structure by a minimum of four 
wires per fixture and located near each corner of each fixture.  Ceiling 
grid clips are not allowed as an alternative to independently supported 
light fixtures.  Round fixtures or fixtures smaller in size than the 
ceiling grid shall be independently supported from the building structure 
by a minimum of four wires per fixture spaced approximately equidistant 
around the fixture.  Do not support fixtures by ceiling acoustical panels.  
Where fixtures of sizes less than the ceiling grid are indicated to be 
centered in the acoustical panel, support such fixtures independently and 
provide at least two 3/4 inch metal channels spanning, and secured to, the 
ceiling tees for centering and aligning the fixture.  Provide wires for 
lighting fixture support in this section.  Lighting fixtures installed in 
suspended ceilings shall also comply with the requirements of Section 09510 
ACOUSTICAL CEILINGS.

3.1.3   Suspended Fixtures

Suspended fixtures shall be provided with 45 degree swivel hangers so that 
they hang plumb and shall be located with no obstructions within the 45 
degree range in all directions.  The stem, canopy and fixture shall be 
capable of 45 degree swing.  Pendants, rods, or chains 4 feet or longer 
excluding fixture shall be braced to prevent swaying using three cables at 
120 degree separation.  Suspended fixtures in continuous rows shall have 
internal wireway systems for end to end wiring and shall be properly 
aligned to provide a straight and continuous row without bends, gaps, light 
leaks or filler pieces.  Aligning splines shall be used on extruded 
aluminum fixtures to assure hairline joints.  Steel fixtures shall be 
supported to prevent "oil-canning" effects.  Fixture finishes shall be free 
of scratches, nicks, dents, and warps, and shall match the color and gloss 
specified.  Pendants shall be finished to match fixtures.  Aircraft cable 
shall be stainless steel.  Canopies shall be finished to match the ceiling 
and shall be low profile unless otherwise shown.  Maximum distance between 
suspension points shall be 10 feet or as recommended by the manufacturer, 
whichever is less.

3.1.4   Ballasts

3.1.4.1   Remote Ballasts

Remote type ballasts or transformers, where indicated, shall be mounted in 
a well ventilated, easily accessible location, within the maximum operating 
distance from the lamp, as designated by the manufacturer.

3.1.4.2   Electronic Dimming Ballasts

All electronic dimming ballasts controlled by the same controller shall be 
of the same manufacturer.  All fluorescent lamps on electronic dimming 
ballast control shall be seasoned or burned in at full light output for 100 
hours before dimming.

3.1.5   Exit Signs and Emergency Lighting Units

Wire exit signs and emergency lighting units ahead of the switch to the 
normal lighting circuit located in the same room or area.
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3.1.6   Photocell Switch Aiming

Aim switch according to manufacturer's recommendations.

3.1.7   Occupancy Sensor

Provide quantity of sensor units indicated as a minimum.  Provide 
additional units to give full coverage over controlled area.  Full coverage 
shall provide hand and arm motion detection for office and administration 
type areas and walking motion for industrial areas, warehouses, storage 
rooms and hallways.  Locate the sensor(s) as indicated and in accordance 
with the manufacturer's recommendations to maximize energy savings and to 
avoid nuisance activation and deactivation due to sudden temperature or 
airflow changes and usage.  Set sensor "on" duration to 10 minutes.

3.1.8   Light Level Sensor

Locate light level sensor as indicated and in accordance with the 
manufacturer's recommendations.  Adjust sensor for 50 footcandles or for 
the indicated light level at the typical work plane for that area.

3.2   FIELD APPLIED PAINTING

Paint electrical equipment as required to match finish of adjacent surfaces 
or to meet the indicated or specified safety criteria.  Painting shall be 
as specified in Section 09900 PAINTS AND COATINGS.

3.3   FIELD QUALITY CONTROL

Upon completion of installation, conduct an operating test to show that 
equipment operates in accordance with requirements of this section.

3.3.1   Electronic Dimming Ballast

Test for full range of dimming capability.  Observe for visually detectable 
flicker over full dimming range.

3.3.2   Occupancy Sensor

Test sensors for proper operation.  Observe for light control over entire 
area being covered.

       -- End of Section --
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SECTION 16520

EXTERIOR LIGHTING
08/04

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by the 
basic designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO LTS-4 (2001; 2003 Interim) Standard 
Specifications for Structural Supports for 
Highway Signs, Luminaires and Traffic 
Signals

ASTM INTERNATIONAL (ASTM)

ASTM A 123/A 123M (2002) Zinc (Hot-Dip Galvanized) Coatings 
on Iron and Steel Products

ASTM A 153/A 153M (2004) Zinc Coating (Hot-Dip) on Iron and 
Steel Hardware

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C136.13 (1992) Roadway Lighting Equipment, Metal 
Brackets for Wood Poles

IEEE C136.21 (1987) Roadway Lighting Equipment - 
Vertical Tenons Used with Post-Top-Mounted 
Luminaires

IEEE C136.3 (1995) Roadway Lighting Equipment - 
Luminaire Attachments

IEEE C2 (2002) National Electrical Safety Code

IEEE Std 100 (2000) IEEE Standard Dictionary of 
Electrical and Electronics Terms

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2003) Enclosures for Electrical Equipment 
(1000 Volts Maximum)

NEMA C78.42 (2001) Guidelines for High-Pressure Sodium 
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Lamps

NEMA C78.43 (2004) Electric Lamps - Single-Ended 
Metal-Halide Lamps

NEMA C82.4 (1992) Ballasts for 
High-Intensity-Discharge and Low-Pressure 
Sodium Lamps (Multiple-Supply Type)

NEMA ICS 2 (2000) Industrial Controls and Systems: 
Controllers, Contactors, and Overload 
Relays Rated Not More than 2000 Volts AC 
or 750 Volts DC

NEMA ICS 6 (1993; R 2001) Industrial Control and 
Systems: Enclosures

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2005) National Electrical Code

UNDERWRITERS LABORATORIES (UL)

UL 1029 (1994; Rev thru Feb 2001) 
High-Intensity-Discharge Lamp Ballasts

UL 1598 (2000) Luminaires

UL 773 (1995; Rev thru Mar 2002) Plug-In Locking 
Type Photocontrols for Use with Area 
Lighting

UL 773A (1995; Rev thru Jul 2003) Nonindustrial 
Photoelectric Switches for Lighting Control

1.2   DEFINITIONS

a.  Unless otherwise specified or indicated, electrical and electronics 
terms used in these specifications, and on the drawings, shall be as 
defined in IEEE Std 100.

b.  Average life is the time after which 50 percent will have failed and 50 
percent will have survived under normal conditions.

c.  Groundline section is that portion between one foot above and 2 feet 
below the groundline.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only or as 
otherwise designated.  When used, a designation following the "G" 
designation identifies the office that will review the submittal for the 
Government.  The following shall be submitted in accordance with Section 
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01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Luminaire drawings; G-AO

Poles; G-AO

SD-03 Product Data

Luminaires; G-AO

Lamps; G-AO

Ballasts; G-AO

Lighting contactor; G-AO

Photocell switch; G-AO

Steel poles; G-AO

Brackets

SD-06 Test Reports

Operating test

Submit operating test results as stated in paragraph entitled 
"Field Quality Control."

1.4   QUALITY ASSURANCE

1.4.1   Drawing Requirements

1.4.1.1   Luminaire Drawings

Include dimensions, effective projected area (EPA), accessories, and 
installation and construction details.  Photometric data, including zonal 
lumen data, average and minimum ratio, aiming diagram, and computerized 
candlepower distribution data shall accompany shop drawings.

1.4.1.2   Poles

Include dimensions, wind load determined in accordance with AASHTO LTS-4, 
pole deflection, pole class, and other applicable information.

1.4.2   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction," or words of 
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similar meaning, to mean the Contracting Officer.  Equipment, materials, 
installation, and workmanship shall be in accordance with the mandatory and 
advisory provisions of NFPA 70 unless more stringent requirements are 
specified or indicated.

1.4.3   Standard Products

Provide materials and equipment that are products of manufacturers 
regularly engaged in the production of such products which are of equal 
material, design and workmanship.  Products shall have been in satisfactory 
commercial or industrial use for 2 years prior to bid opening.  The 2-year 
period shall include applications of equipment and materials under similar 
circumstances and of similar size.  The product shall have been on sale on 
the commercial market through advertisements, manufacturers' catalogs, or 
brochures during the 2-year period.  Where two or more items of the same 
class of equipment are required, these items shall be products of a single 
manufacturer; however, the component parts of the item need not be the 
products of the same manufacturer unless stated in this section.

1.4.3.1   Alternative Qualifications

Products having less than a 2-year field service record will be acceptable 
if a certified record of satisfactory field operation for not less than 
6000 hours, exclusive of the manufacturers' factory or laboratory tests, is 
furnished.

1.4.3.2   Material and Equipment Manufacturing Date

Products manufactured more than 3 years prior to date of delivery to site 
shall not be used, unless specified otherwise.

1.5   DELIVERY, STORAGE, AND HANDLING

1.5.1   Steel Poles

Do not store poles on ground.  Support poles so they are at least one foot 
above ground level and growing vegetation.  Do not remove factory-applied 
pole wrappings until just before installing pole.

1.6   WARRANTY

The equipment items shall be supported by service organizations which are 
reasonably convenient to the equipment installation in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

PART 2   PRODUCTS

2.1   PRODUCT COORDINATION

Products and materials not considered to be lighting equipment or lighting 
fixture accessories are specified in Section 16302N UNDERGROUND 
TRANSMISSION AND DISTRIBUTION, and Section 16402 INTERIOR DISTRIBUTION 
SYSTEM.  Lighting fixtures and accessories mounted on exterior surfaces of 

SECTION 16520  Page 6



Air Traffic Control Tower, Offutt AFB, NE OF33

buildings are specified in Section 16510 INTERIOR LIGHTING.

2.2   LUMINAIRES

UL 1598.  Provide luminaires as indicated.  Provide luminaires complete 
with lamps of number, type, and wattage indicated.  Details, shapes, and 
dimensions are indicative of the general type desired, but are not intended 
to restrict selection to luminaires of a particular manufacturer.  
Luminaires of similar designs, light distribution and brightness 
characteristics, and of equal finish and quality will be acceptable as 
approved.  Color and finish shall match Base standard.

2.2.1   Lamps

2.2.1.1   High-Pressure Sodium (HPS) Lamps

NEMA C78.42.  Wattage as indicated.  HPS lamps shall have average rated 
life of 16,000 hours (minimum) for 35 watt lamps and 24,000 hours (minimum) 
for all higher wattage lamps.  150 watt lamps, if required, shall be 55 
volt lamps.

2.2.1.2   Metal-Halide Lamps

Provide luminaires with tempered glass lens.

a.  Single-ended, wattage as indicated, conforming to NEMA C78.43

2.2.2   Ballasts for High-Intensity-Discharge (HID) Luminaires

UL 1029 and NEMA C82.4, and shall be constant wattage autotransformer (CWA) 
or regulator, high power-factor type.  Provide single-lamp ballasts which 
shall have a minimum starting temperature of minus 30 degrees C.  Ballasts 
shall be:

a.  Designed to operate on voltage system to which they are connected.

b.  Constructed so that open circuit operation will not reduce the average 
life.

HID ballasts shall have a solid-state igniter/starter with an average life 
in the pulsing mode of 10,000 hours at the intended ambient temperature.  
Igniter case temperature shall not exceed 90 degrees C.

2.3   LIGHTING CONTACTOR

NEMA ICS 2, electrically held contactor.  Contacts shall be rated 277 
volts, 30 amperes, and number of poles as indicated.  Rate contactor coils 
as indicated.  Provide in NEMA 4 enclosure conforming to NEMA ICS 6.  
Contactor shall have silver alloy double-break contacts and shall require 
no arcing contacts.  Provide contactor with hand-off-automatic selector 
switch.  Contactor shall be hermetically sealed.

2.4   PHOTOCELL SWITCH

SECTION 16520  Page 7



Air Traffic Control Tower, Offutt AFB, NE OF33

UL 773 or UL 773A, hermetically sealed cadmium-sulfide or silicon diode 
type cell rated 120 or 277 volts ac, 60 Hz with single-throw contacts 
designed to fail to the ON position.  Switch shall turn on at or below 3 
footcandles and off at 4 to 10 footcandles.  A time delay shall prevent 
accidental switching from transient light sources.  Provide a directional 
lens in front of the cell to prevent fixed light sources from creating a 
turnoff condition.  Provide switch:

a.  In a cast weatherproof aluminum housing with adjustable window slide, 
rated 1800 VA, minimum, or

b.  Integral to the luminaire, rated 1000 VA, minimum.

2.5   POLES

Provide poles designed for wind loading of 100 miles per hour determined in 
accordance with AASHTO LTS-4 while supporting luminaires and all other 
appurtenances indicated.   The effective projected areas of luminaires and 
appurtenances used in calculations shall be specific for the actual 
products provided on each pole.  Poles shall be anchor-base type designed 
for use with underground supply conductors.  Poles shall have oval-shaped 
handhole having a minimum clear opening of 2.5 by 5 inches.  Handhole cover 
shall be secured by stainless steel captive screws.  Metal poles shall have 
an internal grounding connection accessible from the handhole near the 
bottom of each pole.  Scratched, stained, chipped, or dented poles shall 
not be installed.

2.5.1   Steel Poles

AASHTO LTS-4.  Provide steel poles having minimum 11-gage steel with 
minimum yield/strength of 48,000 psi and hot-dipped galvanized in 
accordance with ASTM A 123/A 123M factory finish.  Provide a pole grounding 
connection designed to prevent electrolysis when used with copper ground 
wire.  Pole shall be anchor bolt mounted type.  Poles shall have tapered 
tubular members, either round in cross section or polygonal.  Pole shafts 
shall be one piece.  Poles shall be welded construction with no bolts, 
rivets, or other means of fastening except as specifically approved.  Pole 
markings shall be approximately 3 to 4 feet above grade and shall include 
manufacturer, year of manufacture, top and bottom diameters, and length.  
Base covers for steel poles shall be structural quality hot-rolled carbon 
steel plate having a minimum yield of 36,000 psi.

2.6   BRACKETS AND SUPPORTS

IEEE C136.3, IEEE C136.13, and IEEE C136.21, as applicable. Pole brackets 
shall be not less than 1 1/4 inch galvanized steel pipe secured to pole.  
Slip-fitter or pipe-threaded brackets may be used, but brackets shall be 
coordinated to luminaires provided, and brackets for use with one type of 
luminaire shall be identical.    Special mountings or brackets shall be as 
indicated and shall be of metal which will not promote galvanic reaction 
with luminaire head.

2.7   POLE FOUNDATIONS
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Anchor bolts shall be steel rod having a minimum yield strength of 50,000 
psi; the top 12 inches of the rod shall be galvanized in accordance with 
ASTM A 153/A 153M.  Concrete shall be as specified in Section 03300A 
CAST-IN-PLACE STRUCTURAL CONCRETE.

2.8   MANUFACTURER'S NAMEPLATE

Each item of equipment shall have a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.

2.9   FACTORY APPLIED FINISH

Electrical equipment shall have factory-applied painting systems which 
shall, as a minimum, meet the requirements of NEMA 250 corrosion-resistance 
test.

PART 3   EXECUTION

3.1   INSTALLATION

Electrical installations shall conform to IEEE C2, NFPA 70, and to the 
requirements specified herein.

3.1.1   Aluminum Poles

Provide pole foundations with galvanized steel anchor bolts, threaded at 
the top end and bent 90 degrees at the bottom end.  Provide ornamental 
covers to match pole and galvanized nuts and washers for anchor bolts.  
Concrete for anchor bases, polyvinyl chloride (PVC) conduit ells, and 
ground rods shall be as specified in Section 16302N UNDERGROUND 
TRANSMISSION AND DISTRIBUTION.  Thoroughly compact backfill with compacting 
arranged to prevent pressure between conductor, jacket, or sheath and the 
end of conduit ell.  Adjust poles as necessary to provide a permanent 
vertical position with the bracket arm in proper position for luminaire 
location.  After installation, paint exposed surfaces of steel poles with 
two finish coats of exterior oil paint of a color as indicated.

3.1.2   Pole Setting

Poles in straight runs shall be in a straight line.  

3.1.3   Photocell Switch Aiming

Aim switch according to manufacturer's recommendations.

3.1.4   GROUNDING

Ground noncurrent-carrying parts of equipment including metal poles, 
luminaires, mounting arms, brackets, and metallic enclosures as specified 
in Section 16302N UNDERGROUND TRANSMISSION AND DISTRIBUTION.  Where copper 
grounding conductor is connected to a metal other than copper, provide 
specially treated or lined connectors suitable for this purpose.
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3.1.5   FIELD APPLIED PAINTING

Paint electrical equipment as required to match finish of adjacent surfaces 
or to meet the indicated or specified safety criteria.  Painting shall be 
as specified in Section 09900 PAINTS AND COATINGS.

3.2   FIELD QUALITY CONTROL

Upon completion of installation, conduct an operating test to show that the 
equipment operates in accordance with the requirements of this section.

       -- End of Section --
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SECTION 16522N

AIRFIELD LIGHTING
08/03

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM D 709 (2001) Laminated Thermosetting Materials

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (2002) National Electrical Safety Code

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2005) National Electrical Code

NFPA 70B (2002) Electrical Equipment Maintenance

UNDERWRITERS LABORATORIES (UL)

UL 1 (2000; Rev thru Mar 2004) Flexible Metal 
Conduit

UL 1242 (2000; Rev thru May 2003) Electrical 
Intermediate Metal Conduit -- Steel

UL 360 (2003) Liquid-Tight Flexible Steel Conduits

UL 510 (1994; Rev thru Apr 1998) Polyvinyl 
Chloride, Polyethylene, and Rubber 
Insulating Tape

UL 514A (2004) Metallic Outlet Boxes

UL 6 (2000; Rev thru May 2003) Rigid Metal 
Conduit

UL 6A (2000; Rev thru Jan 2004) Electrical Rigid 
Metal Conduit - Aluminum, Bronze, and 
Stainless Steel

1.2   RELATED REQUIREMENTS
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Section 16050N BASIC ELECTRICAL MATERIALS AND METHODS, applies to this 
section with additions and modifications specified herein.

1.3   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Landing signal officer (LSO) control panel

SD-03 Product Data

Control cable

Circuit selector cabinets

Pilot relay panel

Control transfer panel

Control panel
SD-07 Certificates

Installer Qualifications; G-AO

Construction Outage Plan; G-AO

SD-10 Operation and Maintenance Data

  Submit in accordance with Section 01781 OPERATION AND 
MAINTENANCE DATA.

1.4   QUALITY ASSURANCE

1.4.1   Qualifications

Do not install materials which are not approved as "Approved Airport 
Equipment" by FAA unless specifically approved by the electrical design 
engineer.  Inspect wire and cable for date of manufacture.  Do not use wire 
and cable manufactured more than one year before delivery to job site.

1.4.2   Regulatory Requirements

Provide materials and equipment listed by FAA, UL, ETL or approved by 
Factory Mutual Engineering and Research (FM), when such equipment is listed 
or approved.  Do not use askarel, tetrachlorethylene and insulating liquids 
containing polychlorinated biphenyls (PCBs) in equipment.  Provide 
submersible type equipment installed below grade in vaults, manholes, and 
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handholes.  Materials must be certified and listed as "Approved Airport 
Lighting Equipment" downloadable from: 
http://www.faa.gov/arp/pdf/534553ad.pdf.

1.4.3   Installer Qualifications

The aviation lighting equipment contractor and installation electricians 
must be experienced in installing, testing and maintaining aviation 
lighting systems of a similar complexity.  The contractor must provide a 
list of government projects and 3 years of experience in constructing 
similar projects.  Include written cerification that systems have performed 
satisfactorily for not less than 18 months.

1.4.4   Construction Outage Plan

The contractor must provide a construction outage plan and schedule for 
installing new and retrofitting the existing lighting system to ensure that 
aviation lighting circuits are fully operational between dusk and dawn 
during each day of the construction contract.  The plan must be submitted 
to and approved by the Contracting Officer and the Airfield Manager prior 
to starting construction.

1.5   EXISTING AIRFIELD LIGHTING SYSTEMS

Provide a new digital airfield lighting control panel with touch screen 
operation, necessary modifications to the existing lighting control system 
in the airfield lighting vault, and a fiber optic link between the control 
panel and the vault.

PART 2   PRODUCTS

2.1   ELECTRICAL TAPE

UL 510, plastic insulating tape.

2.2   NAMEPLATES

Provide laminated plastic nameplates for equipment, controls, and devices 
to identify function, and where applicable, position.  Provide 1/8 inch 
thick laminated Melamine plastic conforming to ASTM D 709, Grade ES-2, 
white with black center core.  Surface shall be a matte finish with square 
corners. Align and engrave lettering accurately into the black core.  Size 
of nameplates shall be one by 2 1/2 inches minimum with minimum 1/4 inch 
high normal block lettering.  Provide number, location, and letter 
designation of nameplates as indicated.  Fasten nameplates to the device 
with a minimum of two sheet metal screws or two rivets.

2.3   CONDUIT, CONDUIT FITTINGS, AND BOXES

2.3.1   Rigid Steel or Intermediate Metal Conduit (IMC) and Fittings

UL 6, UL 6A and UL 1242, respectively.

2.3.2   Flexible Metal Conduit
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UL 1, zinc-coated steel.  Use UL 360 liquid-tight flexible metal conduit in 
wet locations.

2.3.3   Outlet Boxes for Use with Steel Conduit, Rigid or Flexible

UL 514A, cast metal with gasketed closures.

2.4   WIRE AND CABLE

Do not provide or install wire and cable manufactured more than one year 
before delivery to the job site.  Conductors shall be copper.  Provide 
fiber optic link between control panel and airfield lighting vault.

2.4.1   Conductor Sizes

Conform to American Wire Gage (AWG).

2.5   CONTROL PANEL

Digital touch screen style conforming to FAA AC 150/5345-3.

PART 3   EXECUTION

3.1   ELECTRICAL REQUIREMENTS

Electrical installation shall conform to IEEE C2, NFPA 70, NFPA 70B and 
requirements specified herein.  Underground electrical work shall be as 
specified in Section 16302N UNDERGROUND TRANSMISSION AND DISTRIBUTION.

3.1.1   Electrical Metallic Tubing

Do not install underground or encase in concrete.

3.2   FIELD QUALITY CONTROL

Give the Contracting Officer 5 working days notice prior to testing 
installation.  Correct deficiencies found and repeat tests.

3.2.1   Operating Test

After installation has been completed, conduct an operating test. 
Demonstrate equipment to operate in accordance with the requirements of 
this section.  Conduct tests one day and one night for the Contracting 
Officer.

3.2.2   Electrical Acceptance Tests

3.2.2.1   Operating Test

Upon completion of tests, show by demonstration in service that circuits 
control equipment covered by the contract are in good operating condition.  
Operate each switch or function in the control tower lighting panels so 
that each switch or function position is engaged at least twice.  During 
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this process, observe lights and associated equipment to determine that 
each switch or function controls properly corresponding circuit.  Provide 
telephone or radio communication between the operator and the observers.  
Repeat tests from the alternate control station, from the remote control 
points, and again from the local control switches on the regulators.  

       -- End of Section --
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SECTION 16710

BUILDING TELECOMMUNICATIONS CABLING SYSTEM
08/04

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM D 709 (2001) Laminated Thermosetting Materials

ELECTRONIC INDUSTRIES ALLIANCE (EIA)

EIA TIA-455-21-A (1988) FOTP-21 - Mating Durability of 
Fiber Optic Interconnecting Devices

EIA TIA/EIA-492AAAA-A (1998) 62.5-um Core Diameter/125-um 
Cladding Diameter Class 1a Graded-Index 
Multimode Optical Fibers 
(ANSI/TIA/EIA-492AAAA-A)

EIA TIA/EIA-492AAAB (1998; R2002) 50-Um Core Diameter/125-Um 
Cladding Diameter Class IA Graded-Index 
Multimode Optical Fibers

EIA TIA/EIA-492CAAA (1998; R 2002) Class IVA 
Dispersion-Unshifted Single-Mode Optical 
Fibers

EIA TIA/EIA-526-14A (1998) OFSTP-14A Optical Power Loss 
Measurements of Installed Multimode Fiber 
Cable Plant (ANSI/TIA/EIA-526-14A)

EIA TIA/EIA-526-7 (1998) OFSTP-7 Measurement of Optical 
Power Loss of Installed Single-Mode Fiber 
Cable Plant (ANSI/TIA/EIA-526-7)

EIA TIA/EIA-568-B.1 (2001; Addendum 2001) Commercial Building 
Telecommunications Cabling Standard - Part 
1: General Requirements 
(ANSI/TIA/EIA-568-B.1)

EIA TIA/EIA-568-B.2 (2001) Commercial Building 
Telecommunications Cabling Standard - Part 
2: Balanced Twisted Pair Cabling 
Components (ANSI/TIA/EIA-568-B.2)
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EIA TIA/EIA-568-B.3 (2000; Addendum 2002) Optical Fiber 
Cabling Components Standard 
(ANSI/TIA/EIA-568-B.3)

EIA TIA/EIA-569-A (1998; Addenda 2000, 2001) Commercial 
Building Standards for Telecommunications 
Pathways and Spaces (ANSI/TIA/EIA-569-A)

EIA TIA/EIA-598-B (2001) Optical Fiber Cable Color Coding

EIA TIA/EIA-604-3A (2000) FOCIS 3 Fiber Optic Connector 
Intermateability Standard - Standard Type 
SC

EIA TIA/EIA-606-A (2002) Administration Standard for the 
Telecommunications Infrastructure 
(ANSI/TIA/EIA-606)

EIA-310-D (1992) Racks, Panels, and Associated 
Equipment

TIA J-STD-607-A (2002) Commercial Building Grounding 
(Earthing)  and Bonding Requirements for 
Telecommunications

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE Std 100 (2000) IEEE Standard Dictionary of 
Electrical and Electronics Terms

INSULATED CABLE ENGINEERS ASSOCIATION (ICEA)

ICEA S-83-596 (2001) Fiber Optic Premises Distribution 
Cable

ICEA S-90-661 (2002) Category 3, 5, & 5e Individually 
Unshielded Twisted Pair Indoor Cable for 
Use in General Purpose and LAN 
Communications Wiring Systems

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA WC 63.1 (2000) Twisted Pair Premise Voice and Data 
Communications Cables

NEMA WC 66 (2000) Category 6 and Category 7 100 Ohm 
Shielded and Unshielded Twisted Pairs

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2005) National Electrical Code

U.S. FEDERAL COMMUNICATIONS COMMISSION (FCC)
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FCC Part 68 Connection of Terminal Equipment to the 
Telephone Network (47 CFR 68)

UNDERWRITERS LABORATORIES (UL)

UL 1286 (1999; Rev thru Oct 2002) Office 
Furnishings

UL 1666 (2000; Rev thru Jul 2002) Test for Flame 
Propagation Height of Electrical and 
Optical-Fiber Cables Installed Vertically 
in Shafts

UL 1863 (2000) Communication Circuit Accessories

UL 444 (2002; Rev thru Aug 2002) Communications 
Cables

UL 467 (1993; Rev thru Feb 2001) Grounding and 
Bonding Equipment

UL 50 (1995; Rev thru Sep 2003) Enclosures for 
Electrical Equipment

UL 514C (1996; Rev thru Nov 2002) Nonmetallic 
Outlet Boxes, Flush-Device Boxes, and 
Covers

UL 910 (1998) Test for Flame-Propagation and 
Smoke-Density Values for Electrical and 
Optical-Fiber Cables Used in Spaces 
Transporting Environmental Air

UL 969 (1995; Rev thru Nov 2001) Marking and 
Labeling Systems

1.2   RELATED REQUIREMENTS

Section 16402 INTERIOR DISTRIBUTION SYSTEM and Section 16711 
TELECOMMUNICATIONS, OUTSIDE PLANT, apply to this section with additions and 
modifications specified herein.

1.3   DEFINITIONS

Unless otherwise specified or indicated, electrical and electronics terms 
used in this specification shall be as defined in EIA TIA/EIA-568-B.1, EIA 
TIA/EIA-568-B.2, EIA TIA/EIA-568-B.3, EIA TIA/EIA-569-A, EIA TIA/EIA-606-A 
and IEEE Std 100 and herein.

1.3.1   Campus Distributor (CD)

A distributor from which the campus backbone cabling emanates. 
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(International expression for main cross-connect (MC).)

1.3.2   Building Distributor (BD)

A distributor in which the building backbone cables terminate and at which 
connections to the campus backbone cables may be made.  (International 
expression for intermediate cross-connect (IC).)

1.3.3   Floor Distributor (FD)

A distributor used to connect horizontal cable and cabling subsystems or 
equipment.  (International expression for horizontal cross-connect (HC).)

1.3.4   Telecommunications Room (TR)

An enclosed space for housing telecommunications equipment, cable, 
terminations, and cross-connects.  The room is the recognized cross-connect 
between the backbone cable and the horizontal cabling.

1.3.5   Entrance Facility (EF) (Telecommunications)

An entrance to the building for both private and public network service 
cables (including antennae) including the entrance point at the building 
wall and continuing to the entrance room or space.

1.3.6   Entrance Room (ER) (Telecommunications)

A centralized space for telecommunications equipment that serves the 
occupants of a building.  Equipment housed therein is considered distinct 
from a telecommunications room because of the nature of its complexity.

1.3.7   Open Cable

Cabling that is not run in a raceway as defined by NFPA 70.  This refers to 
cabling that is "open" to the space in which the cable has been installed 
and is therefore exposed to the environmental conditions associated with 
that space.

1.3.8   Open Office

A floor space division provided by furniture, moveable partitions, or other 
means instead of by building walls.

1.3.9   Pathway

A physical infrastructure utilized for the placement and routing of 
telecommunications cable.

1.4   SYSTEM DESCRIPTION

The building telecommunications cabling and pathway system shall include 
permanently installed backbone and horizontal cabling, horizontal and 
backbone pathways, service entrance facilities, work area pathways, 
telecommunications outlet assemblies, conduit, raceway, and hardware for 
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splicing, terminating, and interconnecting cabling necessary to transport 
telephone and data (including LAN) between equipment items in a building.   
The horizontal system shall be wired in a star topology from the 
telecommunications work area to the floor distributor or campus distributor 
at the center or hub of the star.  The backbone cabling and pathway system 
includes intrabuilding and interbuilding interconnecting cabling, pathway, 
and terminal hardware.  The intrabuilding backbone provides connectivity 
from the floor distributors to the building distributors or to the campus 
distributor and from the building distributors to the campus distributor as 
required.  The backbone system shall be wired in a star topology with the 
campus distributor at the center or hub of the star.  The interbuilding 
backbone system provides connectivity between the campus distributors and 
is specified in Section 16711, TELECOMMUNICATIONS OUTSIDE PLANT.  Provide 
telecommunications pathway systems referenced herein as specified in 
Section 16402 INTERIOR DISTRIBUTION SYSTEM.  The telecommunications 
contractor must coordinate with 55 CS Cable Maintenance concerning access 
to and configuration of telecommunications spaces.  The telecommunications 
contractor may be required to coordinate work effort within the 
telecommunications spaces with 55 CS Cable Maintenance

1.5   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only. When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Telecommunications drawings; G-AO

Telecommunications Space Drawings; G-AO

In addition to Section 01330 SUBMITTAL PROCEDURES, provide shop 
drawings in accordance with paragraph SHOP DRAWINGS.

SD-03 Product Data

Telecommunications cabling (backbone and horizontal); G-AO

Patch panels; G-AO

Telecommunications outlet/connector assemblies; G-AO

Equipment support frame; G-AO

 Connector blocks; G-AO
 

Spare Parts; G-AO

Submittals shall include the manufacturer's name, trade name, 
place of manufacture, and catalog model or number.  Include 
performance and characteristic curves.  Submittals shall also 
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include applicable federal, military, industry, and technical 
society publication references.  Should manufacturer's data 
require supplemental information for clarification, the 
supplemental information shall be submitted as specified in 
paragraph REGULATORY REQUIREMENTS and as required in Section 01330 
SUBMITTAL PROCEDURES.

SD-06 Test Reports

Telecommunications cabling testing; G-AO

  SD-07 Certificates

Telecommunications Contractor Qualifications; G-AO

Key Personnel Qualifications; G-AO

Manufacturer Qualifications; G-AO

Test plan; G-AO

SD-09 Manufacturer's Field Reports

Factory reel tests; G-AO

SD-10 Operation and Maintenance Data

Telecommunications cabling and pathway system Data Package 5; G-AO

 SD-11 Closeout Submittals

Record Documentation; G-AO

1.6   QUALITY ASSURANCE

1.6.1   Shop Drawings

In exception to Section 01330, SUBMITTAL PROCEDURES, submit shop drawings a 
minimum of 14 by 20 inches in size using a minimum scale of 1/8 inch per 
foot, except as specified otherwise.  Include wiring diagrams and 
installation details of equipment indicating proposed location, layout and 
arrangement, control panels, accessories, piping, ductwork, and other items 
that must be shown to ensure a coordinated installation.  Wiring diagrams 
shall identify circuit terminals and indicate the internal wiring for each 
item of equipment and the interconnection between each item of equipment.  
Drawings shall indicate adequate clearance for operation, maintenance, and 
replacement of operating equipment devices.  Submittals shall include the 
nameplate data, size, and capacity.  Submittals shall also include 
applicable federal, military, industry, and technical society publication 
references.

1.6.1.1   Telecommunications Drawings

Provide registered communications distribution designer (RCDD) approved, 
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drawings in accordance with EIA TIA/EIA-606-A.  The identifier for each 
termination and cable shall appear on the drawings.  Drawings shall depict 
final telecommunications installed wiring system infrastructure in 
accordance with EIA TIA/EIA-606-A.  The drawings should provide details 
required to prove that the distribution system shall properly support 
connectivity from the EF telecommunications and ER telecommunications, CD's, 
BD's, and FD's to the telecommunications work area outlets. The following 
drawings shall be provided as a minimum:

a.  T1 - Layout of complete building per floor - Building Area/Serving 
Zone Boundaries, Backbone Systems, and Horizontal Pathways.  
Layout of complete building per floor. The drawing indicates 
location of building areas, serving zones, vertical backbone 
diagrams, telecommunications rooms, access points, pathways, 
grounding system, and other systems that need to be viewed from 
the complete building perspective.

b.  T2 - Serving Zones/Building Area Drawings - Drop Locations and 
Cable Identification (ID’S).  Shows a building area or serving 
zone.  These drawings show drop locations, telecommunications 
rooms, access points and detail call outs for common equipment 
rooms and other congested areas.

c.  T4 - Typical Detail Drawings - Faceplate Labeling, Firestopping, 
Americans with Disabilities Act (ADA), Safety, Department of 
Transportation (DOT).  Detailed drawings of symbols and typicals 
such as faceplate labeling, faceplate types, faceplate population 
installation procedures, detail racking, and raceways.

1.6.1.2   Telecommunications Space Drawings

Provide T3 drawings in accordance with EIA TIA/EIA-606-A that include 
telecommunications rooms plan views, pathway layout (cable tray, racks, 
ladder-racks, etc.), mechanical/electrical layout, and , rack, backboard and
 wall elevations.  Drawings shall show layout of applicable equipment 
including incoming cable stub or connector blocks, building protector 
assembly, outgoing cable connector blocks, patch panels and equipment 
spaces and cabinet/racks.  Drawings shall include a complete list of 
equipment and material, equipment rack details, proposed layout and 
anchorage of equipment and appurtenances, and equipment relationship to 
other parts of the work including clearance for maintenance and operation.  
Drawings may also be an enlargement of a congested area of T1 or T2 
drawings.

1.6.2   Telecommunications Qualifications

Work under this section shall be performed by and the equipment shall be 
provided by the approved telecommunications contractor and key personnel.  
Qualifications shall be provided for:  the telecommunications system 
contractor, the telecommunications system installer, and the supervisor (if 
different from the installer).  A minimum of 30 days prior to installation, 
submit documentation of the experience of the telecommunications contractor 
and of the key personnel.
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1.6.2.1   Telecommunications Contractor

The telecommunications contractor shall be a firm which is regularly and 
professionally engaged in the business of the applications, installation, 
and testing of the specified telecommunications systems and equipment.  The 
telecommunications contractor shall demonstrate experience in providing 
successful telecommunications systems within the past 3 years.  Submit 
documentation for a minimum of three and a maximum of five successful 
telecommunication system installations for the telecommunications 
contractor.

1.6.2.2   Key Personnel

Provide key personnel who are regularly and professionally engaged in the 
business of the application, installation and testing of the specified 
telecommunications systems and equipment.  There may be one key person or 
more key persons proposed for this solicitation depending upon how many of 
the key roles each has successfully provided.  Each of the key personnel 
shall demonstrate experience in providing successful telecommunications 
systems within the past 3 years.

Supervisors and installers assigned to the installation of this system or 
any of its components shall be Building Industry Consulting Services 
International (BICSI) Registered Cabling Installers, Technician Level.  
Submit documentation of current BICSI certification for each of the key 
personnel.

In lieu of BICSI certification, supervisors and installers assigned to the 
installation of this system or any of its components shall have a minimum 
of 3 years experience in the installation of the specified copper and fiber 
optic cable and components.  They shall have factory or factory approved 
certification from each equipment manufacturer indicating that they are 
qualified to install and test the provided products.  Submit documentation 
for a minimum of three and a maximum of five successful telecommunication 
system installations for each of the key personnel.  Documentation for each 
key person shall include at least two successful system installations 
provided that are equivalent in system size and in construction complexity 
to the telecommunications system proposed for this solicitation.  Include 
specific experience in installing and testing telecommunications systems 
and provide the names and locations of at least two project installations 
successfully completed using optical fiber and copper telecommunications 
cabling systems.  All of the existing telecommunications system 
installations offered by the key persons as successful experience shall 
have been in successful full-time service for at least 18 months prior to 
the issuance date for this solicitation.  Provide the name and role of the 
key person, the title, location, and completed installation date of the 
referenced project, the referenced project owner point of contact 
information including name, organization, title, and telephone number, and 
generally, the referenced project description including system size and 
construction complexity.

Indicate that all key persons are currently employed by the 
telecommunications contractor, or have a commitment to the 
telecommunications contractor to work on this project.  All key persons 
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shall be employed by the telecommunications contractor at the date of 
issuance of this solicitation, or if not, have a commitment to the 
telecommunications contractor to work on this project by the date that the 
bid was due to the Contracting Officer.

Note that only the key personnel approved by the Contracting Officer in the 
successful proposal shall do work on this solicitation's telecommunications 
system.  Key personnel shall function in the same roles in this contract, 
as they functioned in the offered successful experience.  Any substitutions 
for the telecommunications contractor's key personnel requires approval 
from The Contracting Officer.

1.6.2.3   Minimum Manufacturer Qualifications

Cabling, equipment and hardware manufacturers shall have a minimum of 3 
years experience in the manufacturing, assembly, and factory testing of 
components which comply with EIA TIA/EIA-568-B.1, EIA TIA/EIA-568-B.2 and 
EIA TIA/EIA-568-B.3.

1.6.3   Test Plan

Provide a complete and detailed test plan for the telecommunications 
cabling system including a complete list of test equipment for the UTP and 
optional fiber components and accessories 60 days prior to the proposed 
test date.  Include procedures for certification, validation, and testing.

1.6.4   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction," or words of 
similar meaning, to mean the Contracting Officer.  Equipment, materials, 
installation, and workmanship shall be in accordance with the mandatory and 
advisory provisions of NFPA 70 unless more stringent requirements are 
specified or indicated.

1.6.5   Standard Products

Provide materials and equipment that are products of manufacturers 
regularly engaged in the production of such products which are of equal 
material, design and workmanship.  Products shall have been in satisfactory 
commercial or industrial use for 2 years prior to bid opening.  The 2-year 
period shall include applications of equipment and materials under similar 
circumstances and of similar size.  The product shall have been on sale on 
the commercial market through advertisements, manufacturers' catalogs, or 
brochures during the 2-year period.  Where two or more items of the same 
class of equipment are required, these items shall be products of a single 
manufacturer; however, the component parts of the item need not be the 
products of the same manufacturer unless stated in this section.

1.6.5.1   Alternative Qualifications

Products having less than a 2-year field service record will be acceptable 
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if a certified record of satisfactory field operation for not less than 
6000 hours, exclusive of the manufacturers' factory or laboratory tests, is 
furnished.

1.6.5.2   Material and Equipment Manufacturing Date

Products manufactured more than 3 years prior to date of delivery to site 
shall not be used, unless specified otherwise.

1.7   DELIVERY AND STORAGE

Provide protection from weather, moisture, extreme heat and cold, dirt, 
dust, and other contaminants for telecommunications cabling and equipment 
placed in storage.

1.8   ENVIRONMENTAL REQUIREMENTS

Connecting hardware shall be rated for operation under ambient conditions of
 32 to 140 degrees F and in the range of 0 to 95 percent relative humidity, 
noncondensing.

1.9   WARRANTY

The equipment items shall be supported by service organizations which are 
reasonably convenient to the equipment installation in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

1.10   MAINTENANCE

1.10.1   Operation and Maintenance Manuals

Commercial off the shelf manuals shall be furnished for operation, 
installation, configuration, and maintenance of products provided as a part 
of the telecommunications cabling and pathway system.  Submit operations 
and maintenance data in accordance with Section 01781, OPERATION AND 
MAINTENANCE DATA and as specified herein not later than 2 months prior to 
the date of beneficial occupancy.  In addition to requirements of Data 
package 5, include the requirements of paragraphs TELECOMMUNICATIONS 
DRAWINGS, TELECOMMUNICATIONS SPACE DRAWINGS, and RECORD DOCUMENTATION.

1.10.2   Record Documentation

Provide T5 drawings including documentation on cables and termination 
hardware in accordance with EIA TIA/EIA-606-A.  T5 drawings shall include 
schedules to show information for cut-overs and cable plant management, 
patch panel layouts and cover plate assignments, cross-connect information 
and connecting terminal layout as a minimum.  T5 drawings shall be provided 
in hard copy format and on electronic media using Windows based computer 
cable management software.  A licensed copy of the cable management 
software including documentation, shall be provided.  Provide the following 
T5 drawing documentation as a minimum:

a.  Cables - A record of installed cable shall be provided in 
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accordance with EIA TIA/EIA-606-A.  The cable records shall 
include the required data fields for each cable and complete 
end-to-end circuit report for each complete circuit from the 
assigned outlet to the entry facility in accordance with EIA 
TIA/EIA-606-A.  Include manufacture date of cable with submittal.

b.  Termination Hardware - A record of installed patch panels, 
cross-connect points, distribution frames, terminating block 
arrangements and type, and outlets shall be provided in accordance 
with EIA TIA/EIA-606-A.  Documentation shall include the required 
data fields as a minimum in accordance with EIA TIA/EIA-606-A.

c.  Detail drawings shall include a complete list of equipment and 
material, including manufacturer's descriptive and technical 
literature, catalog cuts, and installation instructions.  System 
drawings showing final configuration, including location type, 
gauge, and number assignment of inside wiring, and floor plan 
layout for the equipment after installation shall be provided.

1.10.3   Spare Parts

In addition to the requirements of Section 01781, OPERATION AND MAINTENANCE 
DATA, provide a complete list of parts and supplies, with current unit 
prices and source of supply, and a list of spare parts recommended for 
stocking.

PART 2   PRODUCTS

2.1   COMPONENTS

UL or third party certified.  Where equipment or materials are specified to 
conform to industry and technical society reference standards of the 
organizations, submit proof of such compliance.  The label or listing by 
the specified organization will be acceptable evidence of compliance.  In 
lieu of the label or listing, submit a certificate from an independent 
testing organization, competent to perform testing, and approved by the 
Contracting Officer.  The certificate shall state that the item has been 
tested in accordance with the specified organization's test methods and 
that the item complies with the specified organization's reference 
standard.  Provide a complete system of telecommunications cabling and 
pathway components using star topology.  Provide support structures and 
pathways, complete with outlets, cables, connecting hardware and 
telecommunications cabinets/racks.  Cabling and interconnecting hardware 
and components for telecommunications systems shall be UL listed or third 
party independent testing laboratory certified, and shall comply with NFPA 
70 and conform to the requirements specified herein.

2.2   TELECOMMUNICATIONS PATHWAY

Provide telecommunications pathways in accordance with EIA TIA/EIA-569-A 
and as specified in Section 16402 INTERIOR DISTRIBUTION SYSTEM.  Provide 
system furniture pathways in accordance with UL 1286.

2.3   TELECOMMUNICATIONS CABLING
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Cabling shall be UL listed for the application and shall comply with EIA 
TIA/EIA-568-B.1, EIA TIA/EIA-568-B.2, EIA TIA/EIA-568-B.3 and NFPA 70.  
Provide a labeling system for cabling as required by EIA TIA/EIA-606-A and 
UL 969.  Ship cable on reels or in boxes bearing manufacture date for UTP 
in accordance with ICEA S-90-661 and optical fiber cables in accordance 
with ICEA S-83-596 for all cable used on this project.  Cabling 
manufactured more than 12 months prior to date of installation shall not be 
used.

2.3.1   Backbone Cabling

2.3.1.1   Backbone Optical Fiber

Provide in accordance with ICEA S-83-596, EIA TIA/EIA-568-B.3, UL 1666 and 
NFPA 70.  Cable shall be imprinted with fiber count, fiber type and 
aggregate length at regular intervals not to exceed 40 inches.  Hybrid 
fiber optic cable marking shall comply with EIA TIA/EIA-598-B.

 EIA TIA/EIA-492AAAA-A, multimode, 62.5/125-um diameter, 0.275 numerical 
aperture, EIA TIA/EIA-492AAAB, multimode, 50/125-um diameter, 0.275 
numerical aperture and EIA TIA/EIA-492CAAA, single-mode, 8/125-um diameter, 
0.10 numerical aperture, tight buffered fiber optic cable.  Provide 
nonconductive optical fiber general purpose cable (OFN or OFNG), 
nonconductive optical fiber plenum cable (OFNP), and nonconductive optical 
fiber riser cable (OFNR) rated cable in accordance with NFPA 70 and UL 910. 
 Type OFNP or OFNR may be substituted for type OFN or OFNG and type OFNP 
may be substituted for type OFNR in accordance with NFPA 70.  The cable 
cordage jacket,  fiber, unit, and group color shall be in accordance with 
EIA TIA/EIA-598-B.

 2.3.2   Horizontal Cabling

Provide horizontal cable in compliance with NFPA 70 and performance 
characteristics in accordance with EIA TIA/EIA-568-B.1.

2.3.2.1   Horizontal Copper
 
Provide horizontal copper cable in accordance with EIA TIA/EIA-568-B.2, UL 
444, NEMA WC 63.1, NEMA WC 66, ICEA S-90-661 UTP (unshielded twisted pair), 
100 ohm.  Provide four each individually twisted pair, 24 AWG conductors, 
Category 6, with a blue thermoplastic jacket.  Cable shall be imprinted 
with manufacturers name or identifier, flammability rating, gauge of 
conductor, transmission performance rating (category designation) at 
regular intervals not to exceed 2 feet.  The word "FEET" or the abbreviation
 "FT" shall appear after each length marking.  Provide communications 
general purpose (CM or CMG), communications plenum (CMP) or communications 
riser (CMR) rated cabling in accordance with NFPA 70.  Type CMP and CMR may 
be substituted for type CM or CMG and type CMP may be substituted for type 
CMR in accordance with NFPA 70.  The colors for conductors shall be: 
blue/white, white/blue, orange/white, white/orange, green/white, 
white/green, brown/white, white/brown.

2.3.2.2   Horizontal Optical Fiber
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Provide optical fiber horizontal cable in accordance with ICEA S-83-596, 
EIA TIA/EIA-568-B.3 and EIA TIA/EIA-492AAAA-A, multimode, 62.5/125-um 
diameter, 0.275 numerical aperture, EIA TIA/EIA-492AAAB, multimode, 
50/125-um diameter, 0.275 numerical apertureEIA TIA/EIA-492CAAA, 
single-mode, 8/125-um diameter, 0.10 numerical aperture, tight buffered 
fiber optic cables.  Cable shall be imprinted with manufacturer, 
flammability rating and fiber count at regular intervals not to exceed 40 
inches.  Provide nonconductive optical fiber general purpose cable (OFN or 
OFNG), nonconductive optical fiber riser cable (OFNR) or nonconductive 
optical fiber plenum cable (OFNP) in accordance with NFPA 70.  Type OFNP or 
OFNR may be substituted for type OFN or OFNG and type OFNP may be 
substituted for type OFNR in accordance with NFPA 70.  The cable jacket 
shall be of single jacket construction  with color coding of cordage 
jacket, fiber, unit, and group in accordance with EIA TIA/EIA-598-B.

 
2.4   TELECOMMUNICATIONS SPACES
 
Provide connecting hardware and termination equipment in the 
telecommunications entrance facility and telecommunication equipment rooms 
to facilitate installation as shown on design drawings for terminating and 
cross-connecting permanent cabling.  Provide telecommunications 
interconnecting hardware color coding in accordance with EIA TIA/EIA-606-A.

2.4.1   Backboards

Provide void-free, interior grade plywood 3/4 inch thickas indicated.  
Backboards shall be fire rated.  Backboards shall be provided on walls in 
the telecommunication spaces as called for on the plans.  Do not cover the 
fire stamp on the backboard.  Provide two-coat insulating varnish finish.

2.4.2   Equipment Support Frame

Provide in accordance with EIA-310-D and UL 50.

a.  Bracket, wall mounted, 8 gauge aluminum.  Provide hinged bracket 
compatible with 19 inches panel mounting.

2.4.3   Connector Blocks

Provide insulation displacement connector (IDC) Type 110 for Category 5e 
and higher systems.  Provide blocks for the number of horizontal and 
backbone cables terminated on the block plus 25 percent spare.

2.4.4   Cable Guides

Provide cable guides specifically manufactured for the purpose of routing 
cables, wires and patch cords horizontally and vertically on 19 inch 
equipment racks and  telecommunications backboards.  Cable guides of ring 
or bracket type devices mounted on rack panels for horizontal cable 
management and individually mounted for vertical cable management.  Mount 
cable guides with screws, and  or nuts and lockwashers.

2.4.5   Patch Panels
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Provide ports for the number of horizontal and backbone cables terminated 
on the panel plus 25 percent spare.  Provide pre-connectorized  optional 
fiber and copper patch cords for patch panels.  Provide patch cords, as 
complete assemblies, with matching connectors as specified.  Provide fiber 
optic patch cables with crossover orientation in accordance with EIA 
TIA/EIA-568-B.3.  Patch cords shall meet minimum performance requirements 
specified in EIA TIA/EIA-568-B.1, EIA TIA/EIA-568-B.2  and EIA 
TIA/EIA-568-B.3 for cables, cable length and hardware specified.

2.4.5.1   Modular to 110 Block Patch Panel

Provide in accordance with EIA TIA/EIA-568-B.1 and EIA TIA/EIA-568-B.2.  
Panels shall be third party verified and shall comply with EIA/TIA Category 
6  requirements.  Panel shall be constructed of 0.09 inch minimum aluminum 
and shall be rack mounted and compatible with an EIA-310-D 19 inch equipment
 rack.  Panel shall provide 48 non-keyed, 8-pin modular ports, wired to 
T568A or T568B.  Patch panels shall terminate the building cabling on Type 
110 IDCs and shall utilize a printed circuit board interface.  The rear of 
each panel shall have incoming cable strain-relief and routing guides.  
Panels shall have each port factory numbered and be equipped with laminated 
plastic nameplates above each port.

2.4.5.2   Fiber Optic Patch Panel

Provide panel for maintenance and cross-connecting of optical fiber cables. 
 Panel shall be constructed of 16 gauge steel or 11 gauge aluminum minimum 
and shall be wall mounted and compatible with a EIA-310-D 19 inch equipment 
rack.  Each panel shall provide 12 multimode or single-mode adapters as 
duplex SC in accordance with EIA TIA/EIA-604-3A with phosphor bronze 
alignment sleeves.  Provide dust cover for unused adapters.  The rear of 
each panel shall have a cable management tray a minimum of 8 inches deep 
with removable cover, incoming cable strain-relief and routing guides.  
Panels shall have each adapter factory numbered and be equipped with 
laminated plastic nameplates above each adapter.

2.4.6   Optical Fiber Distribution Panel 

Wall mounted optical fiber distribution panel (OFDP) shall be constructed 
in accordance with EIA-310-D utilizing 16 gauge steel or 11 gauge aluminum 
minimum.  Panel shall be divided into two sections, distribution and user.  
Distribution section shall have strain relief, routing guides, splice tray 
and shall be lockable, user section shall have a cover for patch cord 
protection.  Each panel shall provide 12 multimode and 12 single-mode 
pigtails and adapters.  Provide adapters as duplex SC with phosphor bronze 
alignment sleeves.  Provide dust covers for adapters.  Provide patch cords 
as specified in the paragraph PATCH PANELS.

2.5   TELECOMMUNICATIONS OUTLET/CONNECTOR ASSEMBLIES

2.5.1   Outlet/Connector Copper

Outlet/connectors shall comply with FCC Part 68EIA TIA/EIA-568-B.1, and EIA 
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TIA/EIA-568-B.2.  UTP outlet/connectors shall be UL 1863 listed, non-keyed, 
8-pin modular, constructed of high impact rated thermoplastic housing and 
shall be third party verified and shall comply with EIA TIA/EIA-568-B.2 
Category 6requirements.  Outlet/connectors provided for UTP cabling shall 
meet or exceed the requirements for the cable provided.  Outlet/connectors 
shall be terminated using a Type 110 IDC PC board connector, color-coded 
for both T568A and T568B wiring.  Each outlet/connector shall be wired T568A
 or T568B.  UTP outlet/connectors shall comply with EIA TIA/EIA-568-B.2 for 
200 mating cycles.  UTP outlet/connectors installed in outdoor or marine 
environments shall be jell-filled type containing an anti-corrosive, memory 
retaining compound.

Communication outlet shall be flush mounted in a single gang wall box.  
Outlets shall accommodate voice and data jacks in the same location, using 
standard device plates.  The top jacks shall be used for voice transmission 
and the bottom jacks shall be used for data transmission.  Each jack shall 
comply with requirements for Universal Service Ordering Code (USOC).

2.5.2   Optical Fiber Adapters

Provide optical fiber adapters suitable for duplex SC in accordance with 
EIA TIA/EIA-604-3A with phosphor bronze alignment sleeves, as indicated.  
Provide dust cover for adapters.  Optical fiber adapters shall comply with 
EIA TIA-455-21-A for 500 mating cycles.

2.5.3   Optical Fiber Connectors 

Provide in accordance with EIA TIA-455-21-A.  Optical fiber connectors 
shall be duplex SC in accordance with EIA TIA/EIA-604-3A with phosphor 
bronze compatible with multimode or single-mode fiber.  The connectors 
shall provide a maximum attenuation of 0.3 dB @ 850 nm with less than a 0.2 
dB change after 500 mating cycles.

2.5.4   Cover Plates

Telecommunications cover plates shall comply with UL 514C, and EIA 
TIA/EIA-568-B.1, EIA TIA/EIA-568-B.2, EIA TIA/EIA-568-B.3; flush design 
constructed of high impact thermoplastic material white in color.  Provide 
labeling in accordance with the paragraph LABELING in this section.  Device 
plates for wall phones shall have monitoring posts to accommodate standard 
wall phones.

2.6   GROUNDING AND BONDING PRODUCTS
 
Provide in accordance with UL 467, TIA J-STD-607-A, and NFPA 70.  
Components shall be identified as required by EIA TIA/EIA-606-A.  Provide 
ground rods, bonding conductors, and grounding busbars  as specified in 
Section 16402, INTERIOR DISTRIBUTION SYSTEM.

2.7   FIRESTOPPING MATERIAL

Provide as specified in Section 07840, FIRESTOPPING.

2.8   MANUFACTURER'S NAMEPLATE
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Each item of equipment shall have a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.

2.9   FIELD FABRICATED NAMEPLATES

ASTM D 709.  Provide laminated plastic nameplates for each equipment 
enclosure, relay, switch, and device; as specified or as indicated on the 
drawings.  Each nameplate inscription shall identify the function and, when 
applicable, the position.  Nameplates shall be melamine plastic, 0.125 inch 
thick, white with black center core.  Surface shall be matte finish.  
Corners shall be square.  Accurately align lettering and engrave into the 
core.  Minimum size of nameplates shall be one by 2.5 inches.  Lettering 
shall be a minimum of 0.25 inch high normal block style.

2.10   TESTS, INSPECTIONS, AND VERIFICATIONS

2.10.1   Factory Reel Tests

Provide documentation of the testing and verification actions taken by 
manufacturer to confirm compliance with EIA TIA/EIA-568-B.1, EIA 
TIA/EIA-568-B.3, EIA TIA/EIA-526-7 for single mode optical fiber , and EIA 
TIA/EIA-526-14A for multimode optical fiber cables.

PART 3   EXECUTION

3.1   INSTALLATION

The contractor shall complete a prototype installation of communication 
cable, outlet, and terminations, and associated items of work for 
Government inspection and approval prior to accomplishing additional work 
of the same type.  This prototype shall include one of each item of 
communication work required under this contract and shall be used, 
following acceptance, to set the expected standard for that remainder of 
work.

Install telecommunications cabling and pathway systems, including the 
horizontal and backbone cable, pathway systems, telecommunications 
outlet/connector assemblies, and associated hardware  in accordance with 
EIA TIA/EIA-568-B.1, EIA TIA/EIA-568-B.2, EIA TIA/EIA-568-B.3, EIA 
TIA/EIA-569-A, NFPA 70, and UL standards as applicable.  Provide cabling in 
a star topology network. Pathways and outlet boxes shall be installed as 
specified in Section 16402 INTERIOR DISTRIBUTION SYSTEM except that outlet 
boxes are to be non-metallic.  Install telecommunications cabling with 
copper media in accordance with the following criteria to avoid potential 
electromagnetic interference between power and telecommunications 
equipment.  The interference ceiling shall not exceed 3.0 volts per meter 
measured over the usable bandwidth of the telecommunications cabling.  
Cabling shall be run with horizontal and vertical cable guides in 
telecommunications spaces with terminating hardware and interconnection 
equipment.

SECTION 16710  Page 19



Air Traffic Control Tower, Offutt AFB, NE OF33

3.1.1   Cabling

Install Category 6 UTP, and optical fiber telecommunications cabling system 
as detailed in EIA TIA/EIA-568-B.1 and EIA TIA/EIA-568-B.2,  EIA 
TIA/EIA-568-B.3.  Screw terminals shall not be used except where 
specifically indicated on plans.  Use an approved insulation displacement 
connection (IDC) tool kit for copper cable terminations.  Do not untwist 
Category 6 UTP cables more than one half inch from the point of termination 
to maintain cable geometry.  Provide service loop on each end of the cable, 
20 ft. in the telecommunications room,  and 12 inches in the work area 
outlet.  Do not exceed manufacturers' cable pull tensions for copper and 
optical fiber cables.  Provide a device to monitor cable pull tensions.  Do 
not exceed 25 pounds pull tension for four pair copper cables.  Do not 
chafe or damage outer jacket materials.  Use only lubricants approved by 
cable manufacturer.  Do not over cinch cables, or crush cables with 
staples.  For UTP cable, bend radii shall not be less than four times the 
cable diameter.  Cables shall be terminated; no cable shall contain 
unterminated elements.  Cables shall not be spliced.  Label cabling in 
accordance with paragraph LABELING in this section.  Separate voice and 
data cables and label each cable approximately two feet from the end of the 
cable.

3.1.1.1   Backbone Cable

a.  Optical fiber Backbone Cable.  Install intrabuilding backbone 
optical fiber in indicated pathways.  Do not exceed manufacturer's 
recommended bending radii and pull tension.  Prepare cable for 
pulling by cutting outer jacket 10 inches leaving strength members 
exposed for approximately 10 inches.  Twist strength members 
together and attach to pulling eye.  Vertical cable support 
intervals shall be in accordance with manufacturer's 
recommendations.

3.1.1.2   Horizontal Cabling

Install horizontal cabling as indicated on drawings between the campus 
distributor and the telecommunications outlet assemblies at workstations.

3.1.1.3   Spare Wires

Spare wires shall be wrapped around the insulated sheath on the wire on the 
outlet box.  The wiring shall be connected at the outlets as follows:

     Jack       Terminal       Pin #     Wire (Main Color-Marker)
   _________________________________________________________________________
    Top Jack      Red            4          Blue-White
    (Voice)       Green          3          White-Blue
                  Yellow         2          Orange-White
                  Black          5          White-Orange
                  White          1          White Green
                  Blue           6          Green-White
                                            Brown-White (Spare)
                                            White-Brown (Spare)
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    Bottom Jack   Green          5          White-Blue
    (Data)        Red            4          Blue-White
                  Blue           1          White-Orange
                  Orange         2          Orange-White
                  Black          3          White-Green
                  Yellow         6          Green-White
                  Brown          7          White-Brown
                  White          8          Brown-White

3.1.2   Pathway Installations

Provide in accordance with EIA TIA/EIA-569-A and NFPA 70.  Provide building 
pathway as specified in Section 16402, INTERIOR DISTRIBUTION SYSTEMS.

3.1.3   Service Entrance Conduit, Underground

Provide service entrance underground as specified in Section 16402 INTERIOR 
DISTRIBUTION SYSTEMS.

3.1.4   Cable Tray Installation

Install cable tray as specified in Section 16402 INTERIOR DISTRIBUTION 
SYSTEMS.  Only CMP and OFNP type cable shall be installed in a plenum.

3.1.5   SEPARATION FROM POWER WIRING

Provide a separation of 3 inches between power and communications cabling 
where both are in metal conduit, and 6 inch separation between power and 
communication where communication cable is installed in cable tray and 
power cable is installed in metal conduit.

3.1.6   Work Area Outlets

3.1.6.1   Terminations

Terminate UTP cable in accordance with EIA TIA/EIA-568-B.1, EIA 
TIA/EIA-568-B.2 and wiring configuration as specified.  Terminate fiber 
optic cables in accordance with EIA TIA/EIA-568-B.3

3.1.6.2   Cover Plates

As a minimum, each outlet/connector shall be labeled as to its function and 
a unique number to identify cable link in accordance with the paragraph 
LABELING in this section.

3.1.6.3   Cables

Unshielded twisted pair and fiber optic cables shall have a minimum of 12 
inches of slack cable loosely coiled into the telecommunications outlet 
boxes.  Minimum manufacturer's bend radius for each type of cable shall not 
be exceeded.

3.1.6.4   Pull Cords
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Pull cords shall be installed in conduit serving telecommunications outlets 
that do not have cable installed.

3.1.7   Telecommunications Space Termination

Install termination hardware required for Category 6 and optical fiber 
system.  An insulation displacement tool shall be used for terminating 
copper cable to insulation displacement connectors.

3.1.7.1   Connector Blocks

Connector blocks shall be rack mounted in orderly rows and columns.  
Adequate vertical and horizontal wire routing areas shall be provided 
between groups of blocks.  Install in accordance with industry standard 
wire routing guides in accordance with EIA TIA/EIA-569-A.

3.1.7.2   Patch Panels

Patch panels shall be mounted in equipment racks with sufficient ports to 
accommodate the installed cable plant plus 25 percent spares.

a.  Copper Patch Panel.  Copper cable entering a patch panel shall be 
secured to the panel with cable ties as recommended by the 
manufacturer to prevent movement of the cable.

b.  Fiber Optic Patch Panel.  Fiber optic cable loop shall be  3 feet 
in length.  The outer jacket of each cable entering a patch panel 
shall be secured to the panel to prevent movement of the fibers 
within the panel, using clamps or brackets specifically 
manufactured for that purpose.

3.1.7.3   Equipment Support Frames

Install in accordance with EIA TIA/EIA-569-A:

a.  Bracket, wall mounted.  Mount bracket to plywood backboard in 
accordance with manufacturer's recommendations.  Mount rack so 
height of highest panel does not exceed 78 inches above floor.

3.1.8   Electrical Penetrations

Seal openings around electrical penetrations through fire resistance-rated 
wall, partitions, floors, or ceilings as specified in Section 07840, 
FIRESTOPPING.

3.1.9   Grounding and Bonding

Provide in accordance with TIA J-STD-607-A, NFPA 70 and as specified in 
Section 16402 INTERIOR DISTRIBUTION SYSTEMS.

3.2   LABELING

3.2.1   Labels
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Provide labeling in accordance with EIA TIA/EIA-606-A.  Handwritten 
labeling is unacceptable.  Stenciled lettering for voice and data circuits 
shall be provided using thermal ink transfer process or laser printer.

3.2.2   Cable

Cables shall be labeled using color labels on both ends with identifiers in 
accordance with EIA TIA/EIA-606-A.

3.2.3   Termination Hardware

Workstation outlets and patch panel connections shall be labeled using 
color coded labels with identifiers in accordance with EIA TIA/EIA-606-A.

3.3   FIELD APPLIED PAINTING

Paint electrical equipment as required to match finish of adjacent surfaces 
or to meet the indicated or specified safety criteria.  Painting shall be 
as specified in Section 09900 PAINTS AND COATINGS.

3.4   FIELD FABRICATED NAMEPLATE MOUNTING

Provide number, location, and letter designation of nameplates as 
indicated.  Fasten nameplates to the device with a minimum of two 
sheet-metal screws or two rivets.

3.5   TESTING

3.5.1   Telecommunications Cabling Testing

Perform telecommunications cabling inspection, verification, and 
performance tests in accordance with EIA TIA/EIA-568-B.1, EIA 
TIA/EIA-568-B.2, EIA TIA/EIA-568-B.3.  Perform optical fiber field 
inspection tests via attenuation measurements on factory reels and provide 
results along with manufacturer certification for factory reel tests.  
Remove failed cable reels from project site upon attenuation test failure.

3.5.1.1   Inspection

Visually inspect UTP and optical fiber jacket materials for UL or third 
party certification markings.  Inspect cabling terminations in 
telecommunications rooms and at workstations to confirm color code for 
T568A or T568B pin assignments, and inspect cabling connections to confirm 
compliance with EIA TIA/EIA-568-B.1, EIA TIA/EIA-568-B.2, and  EIA 
TIA/EIA-568-B.3.  Visually confirm Category 6, marking of outlets, cover 
plates, outlet/connectors, and patch panels.

3.5.1.2   Verification Tests

UTP backbone copper cabling shall be tested for DC loop resistance, shorts, 
opens, intermittent faults, and polarity between conductors, and between 
conductors and shield, if cable has overall shield.  Test operation of 
shorting bars in connection blocks.  Test cables after termination but not 
cross-connected.
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For multimode optical fiber, perform optical fiber end-to-end attenuation 
tests in accordance with EIA TIA/EIA-568-B.3 and EIA TIA/EIA-526-14A using 
Method A, Optical Power Meter and Light Source for multimode optical fiber.
  For single-mode optical fiber, perform optical fiber end-to-end 
attenuation tests in accordance with EIA TIA/EIA-568-B.3 and EIA 
TIA/EIA-526-7 using Method A, Optical Power Meter and Light Source for 
single-mode optical fiber.  Perform verification acceptance tests.

3.5.1.3   Performance Tests

Perform testing for each outlet as follows:

a.  Perform Category 6 link tests in accordance with EIA 
TIA/EIA-568-B.1 and EIA TIA/EIA-568-B.2.  Tests shall include wire 
map, length, insertion loss, NEXT, PSNEXT, ELFEXT, PSELFEXT, 
return loss, propagation delay, and delay skew.

 c.  Optical fiber Links.  Perform optical fiber end-to-end link tests 
in accordance with EIA TIA/EIA-568-B.3.

3.5.1.4   Final Verification Tests

Perform verification tests for UTP systems after the complete 
telecommunications cabling and workstation outlet/connectors are installed.

a.  Voice Tests.  These tests assume that dial tone service has been 
installed.  Connect to the network interface device at the demarcation 
point.  Go off-hook and listen and receive a dial tone.  If a test 
number is available, make and receive a local, long distance, and DSN 
telephone call.

b.  Data Tests.  These tests assume the Information Technology Staff 
has a network installed and are available to assist with testing.  
Connect to the network interface device at the demarcation point.  Log 
onto the network to ensure proper connection to the network.

       -- End of Section --
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SECTION 16711

TELECOMMUNICATIONS OUTSIDE PLANT (OSP)
08/04

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by the 
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM B 1 (2001) Hard-Drawn Copper Wire

ASTM B 8 (2004) Concentric-Lay-Stranded Copper 
Conductors, Hard, Medium-Hard, or Soft

ASTM D 709 (2001) Laminated Thermosetting Materials

ELECTRONIC INDUSTRIES ALLIANCE (EIA)

EIA TIA/EIA-455-107A (1999) Component Reflectance or 
Link/System Return Loss using a Loss Test 
Set

EIA TIA/EIA-455-204 (2000) FOTP-204 Measurement of Bandwidth 
on Multimode Fiber

EIA TIA/EIA-455-46A (1990) FOTP-46 Spectral Attenuation 
Measurement for Long-Length, Graded-Index 
Optical Fibers

EIA TIA/EIA-455-59A (2000) FOTP-59 Measurement of Fiber Point 
Discontinuities Using an OTDR

EIA TIA/EIA-455-61A (2000) FOTP-61 Measurement of Fiber or 
Cable Attenuation Using an OTDR

EIA TIA/EIA-455-B (1998) Test Procedures for Fiber Optic 
Fibers, Cables, Transducers, Sensors, 
Connecting and Terminating Devices, and 
other Fiber Optic Components (ANSI)

EIA TIA/EIA-472D000-A (1993) Fiber Optic Communications Cable 
for Outside Plant Use

EIA TIA/EIA-492AAAA-A (1998) 62.5-um Core Diameter/125-um 
Cladding Diameter Class 1a Graded-Index 
Multimode Optical Fibers 
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(ANSI/TIA/EIA-492AAAA-A)

EIA TIA/EIA-492AAAB (1998; R2002) 50-Um Core Diameter/125-Um 
Cladding Diameter Class IA Graded-Index 
Multimode Optical Fibers

EIA TIA/EIA-492CAAA (1998; R 2002) Class IVA 
Dispersion-Unshifted Single-Mode Optical 
Fibers

EIA TIA/EIA-492E000 (1998; R 2002) Class IVd 
Nonzero-Dispersion Single-Mode Optical 
Fibers for the 1550 nm Window 
(ANSI/TIA/EIA-492E000)

EIA TIA/EIA-526-14A (1998) OFSTP-14A Optical Power Loss 
Measurements of Installed Multimode Fiber 
Cable Plant (ANSI/TIA/EIA-526-14A)

EIA TIA/EIA-526-7 (1998) OFSTP-7 Measurement of Optical 
Power Loss of Installed Single-Mode Fiber 
Cable Plant (ANSI/TIA/EIA-526-7)

EIA TIA/EIA-568-B.1 (2001; Addendum 2001) Commercial Building 
Telecommunications Cabling Standard - Part 
1: General Requirements 
(ANSI/TIA/EIA-568-B.1)

EIA TIA/EIA-568-B.2 (2001) Commercial Building 
Telecommunications Cabling Standard - Part 
2: Balanced Twisted Pair Cabling 
Components (ANSI/TIA/EIA-568-B.2)

EIA TIA/EIA-568-B.3 (2000; Addendum 2002) Optical Fiber 
Cabling Components Standard 
(ANSI/TIA/EIA-568-B.3)

EIA TIA/EIA-569-A (1998; Addenda 2000, 2001) Commercial 
Building Standards for Telecommunications 
Pathways and Spaces (ANSI/TIA/EIA-569-A)

EIA TIA/EIA-590-A (1997) Standard for Physical Location and 
Protection of Below Ground Fiber Optic 
Cable Plant

EIA TIA/EIA-598-B (2001) Optical Fiber Cable Color Coding

EIA TIA/EIA-606-A (2002) Administration Standard for the 
Telecommunications Infrastructure 
(ANSI/TIA/EIA-606)

EIA TIA/EIA-758 (1999; Addendum 1999) Customer-Owned 
Outside Plant Telecommunications Cabling 
Standard (ANSI/TIA/EIA-758)
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TIA J-STD-607-A (2002) Commercial Building Grounding 
(Earthing)  and Bonding Requirements for 
Telecommunications

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (2002) National Electrical Safety Code

IEEE Std 100 (2000) IEEE Standard Dictionary of 
Electrical and Electronics Terms

INSULATED CABLE ENGINEERS ASSOCIATION (ICEA)

ICEA S-87-640 (1999) Fiber Optic Outside Plant 
Communications Cable

ICEA S-98-688 (1997) Broadband Twisted Pair, 
Telecommunications Cable Aircore, 
Polyolefin Insulated Copper Conductors

ICEA S-99-689 (1997) Broadband Twisted Pair 
Telecommunications Cable Filled, 
Polyolefin Insulated Copper Conductors

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA C62.61 (1993) Gas Tube Surge Arresters on Wire 
Line Telephone Circuits

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2005) National Electrical Code

THE SOCIETY FOR PROTECTIVE COATINGS (SSPC)

SSPC SP 6 (2000) Commercial Blast Cleaning

U.S. DEPARTMENT OF AGRICULTURE (USDA)

RUS 1755 Telecommunications Standards and 
Specifications for Materials, Equipment 
and Construction

RUS Bul 1751F-630 (2002) Underground Plant Design

RUS Bul 1751F-640 (1995) Design of Buried Plant, Physical 
Considerations

RUS Bul 1751F-643 (1996) Design of Aerial Plant

RUS Bul 1751F-815 (1979) Electrical Protection of Outside 
Plant
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RUS Bul 1753F-201 (1997) Acceptance Tests of 
Telecommunications Plant (PC-4)

RUS Bul 1753F-401 (1995) Splicing Copper and Fiber Optic 
Cables (PC-2)

RUS Bul 345-50 (1979) Trunk Carrier Systems (PE-60)

RUS Bul 345-65 (1985) Shield Bonding Connectors (PE-65)

RUS Bul 345-72 (1985) Filled Splice Closures (PE-74)

RUS Bul 345-83 (1979; Rev Oct 1982) Gas Tube Surge 
Arrestors (PE-80)

UNDERWRITERS LABORATORIES (UL)

UL 497 (2001) Protectors for Paired Conductor 
Communication Circuits

UL 510 (1994; Rev thru Apr 1998) Polyvinyl 
Chloride, Polyethylene, and Rubber 
Insulating Tape

UL 83 (2003; Rev thru Mar 2004) 
Thermoplastic-Insulated Wires and Cables

1.2   RELATED REQUIREMENTS

Section 16710, BUILDING TELECOMMUNICATIONS CABLING SYSTEM, and Section 
16302N, UNDERGROUND TRANSMISSION AND DISTRIBUTION apply to this section 
with additions and modifications specified herein.

1.3   DEFINITIONS

Unless otherwise specified or indicated, electrical and electronics terms 
used in this specification shall be as defined in EIA TIA/EIA-568-B.1, EIA 
TIA/EIA-568-B.2, EIA TIA/EIA-568-B.3, EIA TIA/EIA-569-A, EIA TIA/EIA-606-A, 
and IEEE Std 100 and herein.

1.3.1   Campus Distributor (CD)

A distributor from which the campus backbone cabling emanates. 
(International expression for main cross-connect - (MC).)

1.3.2   Entrance Facility (EF) (Telecommunications)

An entrance to the building for both private and public network service 
cables (including antennae) including the entrance point at the building 
wall and continuing to the entrance room or space.

1.3.3   Entrance Room (ER) (Telecommunications)

A centralized space for telecommunications equipment that serves the 
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occupants of a building.  Equipment housed therein is considered distinct 
from a telecommunications room because of the nature of its complexity.

1.3.4   Building Distributor (BD)

A distributor in which the building backbone cables terminate and at which 
connections to the campus backbone cables may be made.  (International 
expression for intermediate cross-connect - (IC).)

1.3.5   Pathway

A physical infrastructure utilized for the placement and routing of 
telecommunications cable.

1.4   SYSTEM DESCRIPTION

The telecommunications outside plant consists of cable, conduit, manholes, 
poles, etc. required to provide signal paths from the closest point of 
presence to the new facility, including free standing frames or backboards, 
interconnecting hardware, terminating cables, lightning and surge 
protection modules at the entrance facility.  The work consists of 
providing, testing and making operational cabling, interconnecting hardware 
and lightning and surge protection necessary to form a complete outside 
plant telecommunications system for continuous use.  The telecommunications 
contractor must coordinate with 55 CS Cable Maintenance concerning layout 
and configuration of the EF telecommunications and OSP.  The 
telecommunications contractor may be required to coordinate work effort for 
access to the EF telecommunications and OSP with 55 CS Cable Maintenance.

1.5   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only. When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Telecommunications Outside Plant; G-AO

Telecommunications Entrance Facility Drawings; G-AO

In addition to Section 01330 SUBMITTAL PROCEDURES, provide shop 
drawings in accordance with paragraph SHOP DRAWINGS.

SD-03 Product Data

Wire and cable; G-AO

Cable splices, and connectors; G-AO

Closures; G-AO
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Building protector assemblies; G-AO

Protector modules; G-AO

Cross-connect terminal cabinets; G-AO
 

Spare Parts; G-AO

Submittals shall include the manufacturer's name, trade name, 
place of manufacture, and catalog model or number.  Submittals 
shall also include applicable federal, military, industry, and 
technical society publication references.  Should manufacturer's 
data require supplemental information for clarification, the 
supplemental information shall be submitted as specified in 
paragraph REGULATORY REQUIREMENTS and as required for certificates 
in Section 01330 SUBMITTAL PROCEDURES.

SD-06 Test Reports

Pre-installation tests; G-AO

Acceptance tests; G-AO

Outside Plant Test Plan; G-AO

SD-07 Certificates

 Telecommunications Contractor Qualifications; G-AO

Key Personnel Qualifications; G-AO

Minimum Manufacturer's Qualifications; G-AO

SD-08 Manufacturer's Instructions

Building protector assembly installation; G-AO

Cable tensions; G-AO

Fiber Optic Splices; G-AO

 Submit instructions prior to installation.

SD-09 Manufacturer's Field Reports

Factory Reel Test Data; G-AO

SD-10 Operation and Maintenance Data

Telecommunications outside plant (OSP), Data Package 5; G-AO

Commercial off-the-shelf manuals shall be provided for operation, 
installation, configuration, and maintenance of products provided 
as a part of the telecommunications outside plant (OSP).  Submit 
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operations and maintenance data in accordance with Section 01781, 
OPERATION AND MAINTENANCE DATA and as specified herein not later 
than 2 months prior to the date of beneficial occupancy.  In 
addition to requirements of Data package 5, include the 
requirements of paragraphs TELECOMMUNICATIONS OUTSIDE PLANT SHOP 
DRAWINGS and TELECOMMUNICATIONS ENTRANCE FACILITY DRAWINGS.

SD-11 Closeout Submittals

Record Documentation; G-AO

In addition to other requirements, provide in accordance with 
paragraph RECORD DOCUMENTATION.

1.6   QUALITY ASSURANCE

1.6.1   Shop Drawings

Include wiring diagrams and installation details of equipment indicating 
proposed location, layout and arrangement, control panels, accessories, 
piping, ductwork, and other items that must be shown to ensure a 
coordinated installation.  Wiring diagrams shall identify circuit terminals 
and indicate the internal wiring for each item of equipment and the 
interconnection between each item of equipment.  Drawings shall indicate 
adequate clearance for operation, maintenance, and replacement of operating 
equipment devices.  Submittals shall include the nameplate data, size, and 
capacity.  Submittals shall also include applicable federal, military, 
industry, and technical society publication references.

1.6.1.1   Telecommunications Outside Plant Shop Drawings

Provide Outside Plant Design in accordance with EIA TIA/EIA-758, RUS Bul 
1751F-630 for aerial system design, and RUS Bul 1751F-643 for underground 
system design.  Provide T0 shop drawings that show the physical and logical 
connections from the perspective of an entire campus, such as actual 
building locations, exterior pathways and campus backbone cabling on plan 
view drawings, major system nodes, and related connections on the logical 
system drawings in accordance with EIA TIA/EIA-606-A.  Drawings shall 
include wiring and schematic diagrams for fiber optic and copper cabling 
and splices, copper conductor gauge and pair count, fiber pair count and 
type, pathway duct and innerduct arrangement, associated construction 
materials, and any details required to demonstrate that cable system has 
been coordinated  and will properly support the switching and transmission 
system identified in specification and drawings.  Provide Registered 
Communications Distribution Designer (RCDD) approved drawings of the 
telecommunications outside plant.  Update existing telecommunication 
Outside Plant T0 drawings to include information modified, deleted or added 
as a result of this installation in accordance with EIA TIA/EIA-606-A.  The 
telecommunications outside plant (OSP) shop drawings shall be included in 
the operation and maintenance manuals.

1.6.1.2   Telecommunications Entrance Facility Drawings

Provide T3 drawings for EF Telecommunications as specified in the paragraph 
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TELECOMMUNICATIONS SPACE DRAWINGS of Section 16710, BUILDING 
TELECOMMUNICATIONS CABLING SYSTEMS.  The telecommunications entrance 
facility shop drawings shall be included in the operation and maintenance 
manuals.

1.6.2   Telecommunications Qualifications

Work under this section shall be performed by and the equipment shall be 
provided by the approved telecommunications contractor and key personnel.  
Qualifications shall be provided for:  the telecommunications system 
contractor, the telecommunications system installer, the supervisor (if 
different from the installer), and the cable splicing and terminating 
personnel.  A minimum of 30 days prior to installation, submit 
documentation of the experience of the telecommunications contractor and of 
the key personnel.

1.6.2.1   Telecommunications Contractor Qualifications

The telecommunications contractor shall be a firm which is regularly and 
professionally engaged in the business of the applications, installation, 
and testing of the specified telecommunications systems and equipment.  The 
telecommunications contractor shall demonstrate experience in providing 
successful telecommunications systems that include outside plant and 
broadband cabling within the past 3 years.  Submit documentation for a 
minimum of three and a maximum of five successful telecommunication system 
installations for the telecommunications contractor.  Each of the key 
personnel shall demonstrate experience in providing successful 
telecommunications systems in accordance with EIA TIA/EIA-758 within the 
past 3 years.

1.6.2.2   Key Personnel Qualifications

Provide key personnel who are regularly and professionally engaged in the 
business of the application, installation and testing of the specified 
telecommunications systems and equipment.  There may be one key person or 
more key persons proposed for this solicitation depending upon how many of 
the key roles each has successfully provided.  Each of the key personnel 
shall demonstrate experience in providing successful telecommunications 
systems within the past 3 years.

Cable splicing and terminating personnel assigned to the installation of 
this system or any of its components shall have training in the proper 
techniques and have a minimum of 3 years experience in splicing and 
terminating the specified cables.  Modular splices shall be performed by 
factory certified personnel or under direct supervision of factory trained 
personnel for products used.

Supervisors and installers assigned to the installation of this system or 
any of its components shall have factory or factory approved certification 
from each equipment manufacturer indicating that they are qualified to 
install and test the provided products.

Submit documentation for a minimum of three and a maximum of five 
successful telecommunication system installations for each of the key 
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personnel.  Documentation for each key person shall include at least two 
successful system installations provided that are equivalent in system size 
and in construction complexity to the telecommunications system proposed 
for this solicitation.  Include specific experience in installing and 
testing telecommunications outside plant systems, including broadband 
cabling, and provide the names and locations of at least two project 
installations successfully completed using optical fiber and copper 
telecommunications cabling systems.  All of the existing telecommunications 
system installations offered by the key persons as successful experience 
shall have been in successful full-time service for at least 18 months 
prior to the issuance date for this solicitation.  Provide the name and 
role of the key person, the title, location, and completed installation 
date of the referenced project, the referenced project owner point of 
contact information including name, organization, title, and telephone 
number, and generally, the referenced project description including system 
size and construction complexity.

Indicate that all key persons are currently employed by the 
telecommunications contractor, or have a commitment to the 
telecommunications contractor to work on this project.  All key persons 
shall be employed by the telecommunications contractor at the date of 
issuance of this solicitation, or if not, have a commitment to the 
telecommunications contractor to work on this project by the date that the 
bid was due to the Contracting Officer.

Note that only the key personnel approved by the Contracting Officer in the 
successful proposal shall do work on this solicitation's telecommunications 
system.  Key personnel shall function in the same roles in this contract, 
as they functioned in the offered successful experience.  Any substitutions 
for the telecommunications contractor's key personnel requires approval 
from The Contracting Officer.

1.6.2.3   Minimum Manufacturer's Qualifications

Cabling, equipment and hardware manufacturers shall have a minimum of 3 
years experience in the manufacturing, assembly, and factory testing of 
components which comply with, EIA TIA/EIA-568-B.1, EIA TIA/EIA-568-B.2 and 
EIA TIA/EIA-568-B.3.  In addition, cabling manufacturers shall have a 
minimum of 3 years experience in the manufacturing and factory testing of 
cabling which comply with ICEA S-87-640, ICEA S-98-688, and ICEA S-99-689.

1.6.3   Outside Plant Test Plan

Prepare and provide a complete and detailed test plan for field tests of 
the outside plant including a complete list of test equipment for the 
copper conductor and optical fiber cables, components, and accessories for 
approval by the Contracting Officer.  Include a cut-over plan with 
procedures and schedules for relocation of facility station numbers without 
interrupting service to any active location.  Submit the plan at least 30 
days prior to tests for Contracting Officer approval.  Provide outside 
plant testing and performance measurement criteria in accordance with EIA 
TIA/EIA-568-B.1 and RUS Bul 1753F-201.  Include procedures for 
certification, validation, and testing that includes fiber optic link 
performance criteria.
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1.6.4   Standard Products

Provide materials and equipment that are standard products of manufacturers 
regularly engaged in the production of such products which are of equal 
material, design and workmanship and shall be the manufacturer's latest 
standard design that has been in satisfactory commercial or industrial use 
for at least 2 years prior to bid opening.  The 2-year period shall include 
applications of equipment and materials under similar circumstances and of 
similar size.  The product shall have been on sale on the commercial market 
through advertisements, manufacturers' catalogs, or brochures during the 2
-year period.  Products supplied shall be specifically designed and 
manufactured for use with outside plant telecommunications systems.  Where 
two or more items of the same class of equipment are required, these items 
shall be products of a single manufacturer; however, the component parts of 
the item need not be the products of the same manufacturer unless stated in 
this section.

1.6.4.1   Alternative Qualifications

Products having less than a 2-year field service record will be acceptable 
if a certified record of satisfactory field operation for not less than 6000
 hours, exclusive of the manufacturers' factory or laboratory tests, is 
provided.

1.6.4.2   Material and Equipment Manufacturing Date

Products manufactured more than 3 years prior to date of delivery to site 
shall not be used, unless specified otherwise.

1.6.5   Regulatory Requirements

In each of the publications referred to herein, consider the advisory 
provisions to be mandatory, as though the word, "shall" had been 
substituted for "should" wherever it appears.  Interpret references in 
these publications to the "authority having jurisdiction," or words of 
similar meaning, to mean the Contracting Officer.  Equipment, materials, 
installation, and workmanship shall be in accordance with the mandatory and 
advisory provisions of NFPA 70 unless more stringent requirements are 
specified or indicated.

1.6.5.1   Independent Testing Organization Certificate

In lieu of the label or listing, submit a certificate from an independent 
testing organization, competent to perform testing, and approved by the 
Contracting Officer.  The certificate shall state that the item has been 
tested in accordance with the specified organization's test methods and 
that the item complies with the specified organization's reference standard.

1.7   DELIVERY, STORAGE, AND HANDLING

Ship cable on reels in 1000 feet length with a minimum overage of 10 
percent.  Radius of the reel drum shall not be smaller than the minimum 
bend radius of the cable.  Wind cable on the reel so that unwinding can be 
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done without kinking the cable.  Two meters of cable at both ends of the 
cable shall be accessible for testing.  Attach permanent label on each reel 
showing length, cable identification number, cable size, cable type, and 
date of manufacture.  Provide water resistant label and the indelible 
writing on the labels.  Apply end seals to each end of the cables to 
prevent moisture from entering the cable.  Reels with cable shall be 
suitable for outside storage conditions when temperature ranges from minus 
40 degrees C to plus 65 degrees C, with relative humidity from 0 to 100 
percent.  Equipment, other than cable, delivered and placed in storage 
shall be stored with protection from weather, humidity and temperature 
variation, dirt and dust, or other contaminants in accordance with 
manufacturer's requirements.

1.8   MAINTENANCE

1.8.1   Record Documentation

Provide the activity responsible for telecommunications system maintenance 
and administration a single complete and accurate set of record 
documentation for the entire telecommunications system with respect to this 
project.

Provide record documentation as specified in Section 16710, BUILDING 
TELECOMMUNICATIONS CABLING SYSTEM.

1.8.2   Spare Parts

In addition to the requirements of Section 01781, OPERATION AND MAINTENANCE 
DATA, provide a complete list of parts and supplies, with current unit 
prices and source of supply, and a list of spare parts recommended for 
stocking.  Spare parts shall be provided no later than the start of field 
testing.

1.9   WARRANTY

The equipment items shall be supported by service organizations which are 
reasonably convenient to the equipment installation in order to render 
satisfactory service to the equipment on a regular and emergency basis 
during the warranty period of the contract.

PART 2   PRODUCTS

2.1   MATERIALS AND EQUIPMENT

Products supplied shall be specifically designed and manufactured for use 
with outside plant telecommunications systems.

2.2   TELECOMMUNICATIONS ENTRANCE FACILITY

2.2.1   Building Protector Assemblies

Provide self-contained screw type unit supplied with a field cable stub 
factory connected to protector socket blocks to terminate and accept 
protector modules for number of  pairs of outside cable indicated.  
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Building protector assembly shall have interconnecting hardware for 
connection to interior cabling at full capacity.  Provide manufacturers 
instructions for building protector assembly installation.  Provide copper 
cable interconnecting hardware as specified in Section 16710, BUILDING 
TELECOMMUNICATIONS CABLING SYSTEM.

2.2.2   Protector Modules

Provide in accordance with UL 497 three-electrode gas tube or solid state 
type screw type rated for the application.  Provide gas tube protection 
modules in accordance with RUS Bul 345-83 and shall be maximum duty, 
A>20kA, B>1000, C>200A where A is the maximum single impulse discharge 
current, B is the impulse life and C is the AC discharge current in 
accordance with NEMA C62.61.  The gas modules shall shunt high voltage to 
ground, fail short, and be equipped with an external spark gap and heat 
coils in accordance with UL 497.  Provide the number of surge protection 
modules equal to the number of pairs of exterior cable of the building 
protector assembly.

2.2.3   Fiber Optic Terminations

Provide fiber optic cable terminations as specified in Section 16710, 
BUILDING TELECOMMUNICATIONS CABLING SYSTEM.

2.3   CLOSURES

2.3.1   Copper Conductor Closures

2.3.1.1   Underground Cable Closures

a.  Direct burial:  Provide buried closure suitable for enclosing a 
straight, butt, and branch splice in a container into which can be 
poured an encapsulating compound.  Closure shall have adequate 
strength to protect the splice and maintain cable shield 
electrical continuity in the buried environment.  Encapsulating 
compound shall be reenterable and shall not alter the chemical 
stability of the closure.  Provide filled splice cases in 
accordance  with RUS Bul 345-72.

b.  In vault or manhole:  Provide underground closure suitable to 
house a straight, butt, and branch splice in a protective housing 
into which can be poured an encapsulating compound.  Closure shall 
be of suitable thermoplastic, thermoset, or stainless steel 
material supplying structural strength necessary to pass the 
mechanical and electrical requirements in a vault or manhole 
environment.  Encapsulating compound shall be reenterable and 
shall not alter the chemical stability of the closure.  Provide 
filled splice cases in accordance  with RUS Bul 345-72.

2.3.2   Fiber Optic Closures

 2.3.2.1   Direct Burial

Provide buried closure suitable to house splice organizer in protective 

SECTION 16711  Page 15



Air Traffic Control Tower, Offutt AFB, NE OF33

housing into which can be poured an encapsulating compound.  Closure shall 
have adequate strength to protect the splice and maintain cable shield 
electrical continuity, when metallic, in buried environment.  Encapsulating 
compound shall be reenterable and shall not alter chemical stability of the 
closure.

2.3.2.2   In Vault or Manhole

Provide underground closure suitable to house splice organizer in a 
protective housing into which can be poured an encapsulating compound.  
Closure shall be of thermoplastic, thermoset, or stainless steel material 
supplying structural strength necessary to pass the mechanical and 
electrical requirements in a vault or manhole environment.  Encapsulating 
compound shall be reenterable and shall not alter the chemical stability of 
the closure.

2.4   CABLE SPLICES, AND CONNECTORS

2.4.1   Copper Cable Splices

Provide multipair, in-line splices of a moisture resistant, two or three
-wire  insulation displacement connector held rigidly in place to assure 
maximum continuity in accordance with RUS Bul 1753F-401.  Cables greater 
than 25 pairs shall be spliced using multipair splicing connectors, which 
accommodate 25 pairs of conductors at a time.  Provide correct connector 
size to accommodate the cable gauge of the supplied cable.

2.4.2   Copper Cable Splice Connector

Provide splice connectors with a polycarbonate body and cap and a 
tin-plated brass contact element.  Connector shall accommodate 22 to 26 AWG 
solid wire with a maximum insulation diameter of 0.065 inch.  Fill 
connector with sealant grease to make a moisture resistant connection, in 
accordance with RUS Bul 1753F-401.

2.4.3   Fiber Optic Cable Splices

Provide fiber optic cable splices and splicing materials for fusion methods 
at locations shown on the construction drawings.  The splice insertion loss 
shall be 0.3 dB maximum when measured in accordance with EIA TIA/EIA-455-59A
 using an Optical Time Domain Reflectometer (OTDR).  Splices shall be 
designed for a return loss of 40.0 db max for single mode fiber when tested 
in accordance with EIA TIA/EIA-455-107A.  Physically protect each fiber 
optic splice by a splice kit specially designed for the splice.

2.4.4   Fiber Optic Splice Organizer

Provide splice organizer suitable for housing fiber optic splices in a neat 
and orderly fashion.  Splice organizer shall allow for a minimum of 3 feet 
of fiber for each fiber within the cable to be neatly stored without kinks 
or twists.  Splice organizer shall accommodate individual strain relief for 
each splice and allow for future maintenance or modification, without 
damage to the cable or splices.  Provide splice organizer hardware, such as 
splice trays, protective glass shelves, and shield bond connectors in a 
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splice organizer kit.

2.4.5   Shield Connectors

Provide connectors with a stable, low-impedance electrical connection 
between the cable shield and the bonding conductor in accordance with RUS 
Bul 345-65.

2.5   CONDUIT

Provide conduit as specified in Section 16302N, UNDERGROUND TRANSMISSION 
AND DISTRIBUTION.

 
2.6   PLASTIC INSULATING TAPE

UL 510.

2.7   WIRE AND CABLE

2.7.1   Copper Conductor Cable

Solid copper conductors, covered with an extruded solid insulating 
compound.  Insulated conductors shall be twisted into pairs which are then 
stranded or oscillated to form a cylindrical core.  For special high 
frequency applications, the cable core shall be separated into 
compartments.  Cable shall be completed by the application of a suitable 
core wrapping material, a corrugated copper or plastic coated aluminum 
shield, and an overall extruded jacket.  Telecommunications contractor 
shall verify distances between splice points prior to ordering cable in 
specific cut lengths.  Gauge of conductor shall determine the range of 
numbers of pairs specified; 19 gauge (6 to 400 pairs), 22 gauge (6 to 1200 
pairs), 24 gauge (6 to 2100 pairs), and 26 gauge (6 to 3000 pairs).  Copper 
conductor shall conform to the following:

2.7.1.1   Underground

Provide filled cable meeting the requirements of ICEA S-99-689 and  RUS 1755.390.

2.7.1.2   Screen

Provide screen-compartmental core cable filled cable meeting the 
requirements of ICEA S-99-689 and RUS 1755.390.

2.7.2   Fiber Optic Cable

Provide single-mode, 8/125-um, 0.10 aperture 1310 nm fiber optic cable in 
accordance with EIA TIA/EIA-492CAAA, single-mode, 8/125-um, 0.10 aperture 
1550 nm fiber optic cable in accordance with EIA TIA/EIA-492E000; and  
multimode 62.5/125-um, 0.275 aperture fiber optic cable in accordance with 
EIA TIA/EIA-492AAAA-A, multimode 50/125-um, 0.275 aperture fiber optic 
cable in accordance with EIA TIA/EIA-492AAAB, EIA TIA/EIA-472D000-A, and 
ICEA S-87-640 including any special requirements made necessary by a 
specialized design.  Provide optical fibers as indicated.  Fiber optic 
cable shall be specifically designed for outside use with loose buffer 
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construction.  Provide fiber optic color code in accordance with EIA 
TIA/EIA-598-B

2.7.2.1   Strength Members

Provide central, non-metallic strength members with sufficient tensile 
strength for installation and residual rated loads to meet the applicable 
performance requirements in accordance with ICEA S-87-640.  The strength 
member is included to serve as a cable core foundation to reduce strain on 
the fibers, and shall not serve as a pulling strength member.

2.7.2.2   Shielding or Other Metallic Covering

Provide copper and stainless steel, coated stainless steel or bare low 
carbon steel, single or dual tape covering or shield in accordance with 
ICEA S-87-640.

2.7.2.3   Performance Requirements

Provide fiber optic cable with optical and mechanical performance 
requirements in accordance with ICEA S-87-640.

2.7.3   Grounding and Bonding Conductors

Provide grounding and bonding conductors in accordance with RUS 1755.200, 
TIA J-STD-607-A, IEEE C2, and NFPA 70.  Solid bare copper wire meeting the 
requirements of ASTM B 1 for sizes No. 8 AWG and smaller and stranded bare 
copper wire meeting the requirements of ASTM B 8, for sizes No. 6 AWG and 
larger.  Insulated conductors shall have 600-volt, Type TW insulation 
meeting the requirements of UL 83.

2.8   T-SPAN LINE TREATMENT REPEATERS

Provide as indicated.  Repeaters shall be pedestal mounted with 
non-pressurized housings, sized as indicated and shall meet the 
requirements of RUS Bul 345-50.

2.9   CABLE TAGS IN MANHOLES, HANDHOLES, AND VAULTS

Provide tags for each telecommunications cable or wire located in manholes, 
handholes, and vaults.  Cable tags shall be stainless steel or polyethylene 
and labeled in accordance with EIA TIA/EIA-606-A.  Handwritten labeling is 
unacceptable.

2.9.1   Stainless Steel

Provide stainless steel, cable tags 1 5/8 inches in diameter 1/16 inch 
thick minimum, and circular in shape.  Tags shall be die stamped with 
numbers, letters, and symbols not less than 0.25 inch high and approximately
 0.015 inch deep in normal block style.

2.9.2   Polyethylene Cable Tags

Provide tags of polyethylene that have an average tensile strength of 3250 
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pounds per square inch; and that are 0.08 inch thick (minimum), 
non-corrosive non-conductive; resistive to acids, alkalis, organic 
solvents, and salt water; and distortion resistant to 170 degrees F.  
Provide 0.05 inch (minimum) thick black polyethylene tag holder.  Provide a 
one-piece nylon, self-locking tie at each end of the cable tag.  Ties shall 
have a minimum loop tensile strength of 175 pounds.  The cable tags shall 
have black block letters, numbers, and symbols one inch high on a yellow 
background.  Letters, numbers, and symbols shall not fall off or change 
positions regardless of the cable tags' orientation.

2.10   BURIED WARNING AND IDENTIFICATION TAPE

Provide fiber optic media marking and protection in accordance with EIA 
TIA/EIA-590-A.  Provide color, type and depth of tape as specified in 
paragraph BURIED WARNING AND IDENTIFICATION TAPE in Section 02300, 
EARTHWORK.

2.11   GROUNDING BRAID

Provide grounding braid that provides low electrical impedance connections 
for dependable shield bonding  in accordance with RUS 1755.200.  Braid 
shall be made from flat tin-plated copper.

2.12   MANUFACTURER'S NAMEPLATE

Each item of equipment shall have a nameplate bearing the manufacturer's 
name, address, model number, and serial number securely affixed in a 
conspicuous place; the nameplate of the distributing agent will not be 
acceptable.

2.13   FIELD FABRICATED NAMEPLATES

Provide laminated plastic nameplates in accordance with ASTM D 709 for each 
patch panel, protector assembly, rack, cabinet and other equipment or as 
indicated on the drawings.  Each nameplate inscription shall identify the 
function and, when applicable, the position. Nameplates shall be melamine 
plastic, 0.125 inch thick, white with black center core.  Surface shall be 
matte finish.  Corners shall be square.  Accurately align lettering and 
engrave into the core.  Minimum size of nameplates shall be one by 2.5 
inches.  Lettering shall be a minimum of 0.25 inch high normal block style.

2.14   TESTS, INSPECTIONS, AND VERIFICATIONS

2.14.1   Factory Reel Test Data

Test 100 percent OTDR test of FO media at the factory in accordance with 
EIA TIA/EIA-568-B.1 and EIA TIA/EIA-568-B.3.  Use EIA TIA/EIA-526-7 for 
single mode fiber and EIA TIA/EIA-526-14A Method B for multi mode fiber 
measurements.  Calibrate OTDR to show anomalies of 0.2 dB minimum.  
Enhanced performance filled OSP copper cables, referred to as Broadband 
Outside Plant (BBOSP), shall meet the requirements of ICEA S-99-689.  
Enhanced performance air core OSP copper cables shall meet the requirements 
of ICEA S-98-688.  Submit test reports, including manufacture date for each 
cable reel and receive approval before delivery of cable to the project 
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site.

PART 3   EXECUTION

3.1   INSTALLATION

Install all system components and appurtenances in accordance with 
manufacturer's instructions IEEE C2, NFPA 70, and as indicated.  Provide 
all necessary interconnections, services, and adjustments required for a 
complete and operable telecommunications system.

3.1.1   Contractor Damage

Promptly repair indicated utility lines or systems damaged during site 
preparation and construction.  Damages to lines or systems not indicated, 
which are caused by Contractor operations, shall be treated as "Changes" 
under the terms of the Contract Clauses.  When Contractor is advised in 
writing of the location of a nonindicated line or system, such notice shall 
provide that portion of the line or system with "indicated" status in 
determining liability for damages.  In every event, immediately notify the 
Contracting Officer of damage.

3.1.2   Cable Inspection and Repair

Handle cable and wire provided in the construction of this project with 
care.  Inspect cable reels for cuts, nicks or other damage.  Damaged cable 
shall be replaced or repaired to the satisfaction of the Contracting 
Officer.  Reel wraps shall remain intact on the reel until the cable is 
ready for placement.

3.1.3   Direct Burial System

Installation shall be in accordance with RUS Bul 1751F-640.  Under railroad 
tracks, paved areas, and roadways install cable in conduit encased in 
concrete.  Slope ducts to drain.  Excavate trenches by hand or mechanical 
trenching equipment.  Provide a minimum cable cover of 24 inches below 
finished grade.  Trenches shall be not less than 6 inches wide and in 
straight lines between cable markers.  Do not use cable plows.  Bends in 
trenches shall have a radius of not less than 36 inches.  Where two or more 
cables are laid parallel in the same trench, space laterally at least 3 
inches apart.  When rock is encountered, remove it to a depth of at least 3 
inches below the cable and fill the space with sand or clean earth free 
from particles larger than 1/4 inch.  Do not unreel and pull cables into 
the trench from one end.  Cable may be unreeled on grade and lifted into 
position.  Provide color, type and depth of warning tape as specified in 
paragraph BURIED WARNING AND IDENTIFICATION TAPE in Section 02300, 
EARTHWORK.

3.1.3.1   Cable Placement

a.  Separate cables crossing other cables or metal piping from the 
other cables or pipe by not less than 3 inches of well tamped 
earth.  Do not install circuits for communications under or above 
traffic signal loops.
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b.  Cables shall be in one piece without splices between connections 
except where the distance exceeds the lengths in which the cable 
is furnished.

c.  Avoid bends in cables of small radii and twists that might cause 
damage.  Do not bend cable and wire in a radius less than 10 times 
the outside diameter of the cable or wire.

d.  Leave a horizontal slack of approximately 3 feet in the ground on 
each end of cable runs, on each side of connection boxes, and at 
points where connections are brought aboveground.  Where cable is 
brought aboveground, leave additional slack to make necessary 
connections.

3.1.3.2   Identification Slabs

Provide a marker at each change of direction of the cable, over the ends of 
ducts or conduits which are installed under paved areas and roadways and 
over each splice.  Identification markers shall be of concrete, 
approximately 20 inches square by 6 inches thick.

3.1.3.3   Backfill for Rocky Soil

When placing cable in a trench in rocky soil, the cable shall be cushioned 
by a fill of sand or selected soil at least 2 inches thick on the floor of 
the trench before placing the cable or wire.  The backfill for at least 4 
inches above the wire or cable shall be free from stones, rocks, or other 
hard or sharp materials which might damage the cable or wire.  If the 
buried cable is placed less than 24 inches in depth, a protective cover of 
concrete shall be used.

3.1.4   Cable Protection

Provide direct burial cable protection in accordance with NFPA 70 and as 
specified in Section 16302N, UNDERGROUND TRANSMISSION AND DISTRIBUTION. 
Galvanized conduits which penetrate concrete (slabs, pavement, and walls) 
shall be PVC coated and shall extend from the first coupling or fitting 
outside either side of the concrete minimum of 6 inches per 12 inches 
burial depth beyond the edge of the surface where cable protection is 
required; all conduits shall be sealed on each end.  Where additional 
protection is required, cable may be placed in galvanized iron pipe (GIP) 
sized on a maximum fill of 40% of cross-sectional area, or in concrete 
encased 4 inches PVC pipe.  Conduit may be installed by jacking or 
trenching.  Trenches shall be backfilled with earth and mechanically tamped 
at 6 inches lift so that the earth is restored to the same density, grade 
and vegetation as adjacent undisturbed material.

3.1.4.1   Cable End Caps

Cable ends shall be sealed at all times with coated heat shrinkable end 
caps.  Cables ends shall be sealed when the cable is delivered to the job 
site, while the cable is stored and during installation of the cable.  The 
caps shall remain in place until the cable is spliced or terminated.  
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Sealing compounds and tape are not acceptable substitutes for heat 
shrinkable end caps.  Cable which is not sealed in the specified manner at 
all times will be rejected.

3.1.5   Underground Duct
 
Provide underground duct and connections to existing manholes, handholes, 
concrete pads, and existing ducts as specified in Section 16302N, 
UNDERGROUND TRANSMISSION AND DISTRIBUTION with any additional requirements 
as specified herein.

3.1.6   Reconditioning of Surfaces
 
Provide reconditioning of surfaces as specified in Section 16302N, 
UNDERGROUND TRANSMISSION AND DISTRIBUTION.

3.1.7   Penetrations

Caulk and seal cable access penetrations in walls, ceilings and other parts 
of the building.  Seal openings around electrical penetrations through fire 
resistance-rated wall, partitions, floors, or ceilings in accordance with 
Section 07840, FIRESTOPPING.

3.1.8   Cable Pulling

Test duct lines with a mandrel and swab out to remove foreign material 
before the pulling of cables.  Avoid damage to cables in setting up pulling 
apparatus or in placing tools or hardware.  Do not step on cables when 
entering or leaving the manhole.  Do not place cables in ducts other than 
those shown without prior written approval of the Contracting Officer.  
Roll cable reels in the direction indicated by the arrows painted on the 
reel flanges.  Set up cable reels on the same side of the manhole as the 
conduit section in which the cable is to be placed.  Level the reel and 
bring into proper alignment with the conduit section so that the cable pays 
off from the top of the reel in a long smooth bend into the duct without 
twisting.  Under no circumstances shall the cable be paid off from the 
bottom of a reel.  Check the equipment set up prior to beginning the cable 
pulling to avoid an interruption once pulling has started.  Use a cable 
feeder guide of suitable dimensions between cable reel and face of duct to 
protect cable and guide cable into the duct as it is paid off the reel.  As 
cable is paid off the reel, lubricate and inspect cable for sheath defects. 
 When defects are noticed, stop pulling operations and notify the 
Contracting Officer to determine required corrective action.  Cable pulling 
shall also be stopped when reel binds or does not pay off freely.  Rectify 
cause of binding before resuming pulling operations.  Provide cable 
lubricants recommended by the cable manufacturer.  Avoid bends in cables of 
small radii and twists that might cause damage.  Do not bend cable and wire 
in a radius less than 10 times the outside diameter of the cable or wire.

3.1.8.1   Cable Tensions

Obtain from the cable manufacturer and provide to the Contracting Officer, 
the maximum allowable pulling tension.  This tension shall not be exceeded.
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3.1.8.2   Pulling Eyes

Equip cables 1.25 inches in diameter and larger with cable manufacturer's 
factory installed pulling-in eyes.  Provide cables with diameter smaller 
than 1.25 inches with heat shrinkable type end caps or seals on cable ends 
when using cable pulling grips.  Rings to prevent grip from slipping shall 
not be beaten into the cable sheath.  Use a swivel of 3/4 inch links 
between pulling-in eyes or grips and pulling strand.

3.1.8.3   Installation of Cables in Manholes, Handholes, and Vaults

Do not install cables utilizing the shortest route, but route along those 
walls providing the longest route and the maximum spare cable lengths. Form 
cables to closely parallel walls, not to interfere with duct entrances, and 
support cables on brackets and cable insulators at a maximum of 4 feet.  In 
existing manholes, handholes, and vaults where new ducts are to be 
terminated, or where new cables are to be installed, modify the existing 
installation of cables, cable supports, and grounding as required with 
cables arranged and supported as specified for new cables.  Identify each 
cable with corrosion-resistant embossed metal tags.

3.1.9   Cable Splicing

3.1.9.1   Copper Conductor Splices

Perform splicing in accordance with requirements of RUS Bul 1753F-401 
except that direct buried splices and twisted and soldered splices are not 
allowed.  Exception does not apply for pairs assigned for carrier 
application.

3.1.9.2   Fiber Optic Splices

Fiber optic splicing shall be in accordance with manufacturer's 
recommendation and shall exhibit an insertion loss not greater than 0.2 dB 
for fusion splices.

3.1.10   Surge Protection

All cables and conductors, except fiber optic cable, which serve as 
communication lines through off-premise lines, shall have surge protection 
installed at each end which meet the requirements of RUS Bul 1751F-815.

3.1.11   Grounding

Provide grounding and bonding in accordance with RUS 1755.200, TIA 
J-STD-607-A, IEEE C2, and NFPA 70.  Ground exposed noncurrent carrying 
metallic parts of telephone equipment, cable sheaths, cable splices, and 
terminals.

3.1.11.1   Telecommunications Master Ground Bar (TMGB)

The TMGB is the hub of the basic telecommunications grounding system 
providing a common point of connection for ground from outside cable, CD, 
and equipment.  Establish a TMGB for connection point for cable stub 
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shields to connector blocks and CD protector assemblies as specified in 
Section 16402 INTERIOR DISTRIBUTION SYSTEMS.

3.1.11.2   Incoming Cable Shields

Shields shall not be bonded across the splice to the cable stubs.  Ground 
shields of incoming cables in the EF Telecommunications to the TMGB.

3.1.11.3   Campus Distributor Grounding

a.  Protection assemblies:  Mount CD protector assemblies directly on 
the telecommunications backboard.  Connect assemblies mounted on 
each vertical frame with No. 6 AWG copper conductor to provide a 
low resistance path to TMGB.

b.  TMGB connection:  Connect TMGB to TGB with copper conductor with a 
total resistance of less than 0.01 ohms.

3.1.12   Cut-Over

All necessary transfers and cut-overs, shall be accomplished by the 
telecommunications contractor.  Coordinate all activities with 55 CS Cable 
Maintenance.

3.2   LABELING

3.2.1   Labels

Provide labeling for new cabling and termination hardware located within 
the facility in accordance with EIA TIA/EIA-606-A.  Handwritten labeling is 
unacceptable.  Stenciled lettering for cable and termination hardware shall 
be provided using thermal ink transfer process or laser printer.

3.2.2   Cable Tag Installation

Install cable tags for each telecommunications cable or wire located in 
manholes, handholes, and vaults including each splice. Tag new wire and 
cable provided under this contract and existing wire and cable which are 
indicated to have splices and terminations provided by this contract.  The 
labeling of telecommunications cable tag identifiers shall be in accordance 
with EIA TIA/EIA-606-A. Do not provide handwritten letters.  Install cable 
tags so that they are clearly visible without disturbing any cabling or 
wiring in the manholes, handholes, and vaults.

3.2.3   Termination Hardware

Label patch panels, distribution panels, connector blocks and protection 
modules using color coded labels with identifiers in accordance with EIA 
TIA/EIA-606-A.

3.3   FIELD APPLIED PAINTING

Provide ferrous metallic enclosure finishes as specified in Section 09900, 
PAINTS AND COATINGS.
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3.3.1   Cleaning

Clean surfaces in accordance with SSPC SP 6.

3.4   FIELD FABRICATED NAMEPLATE MOUNTING

Provide number, location, and letter designation of nameplates as 
indicated.  Fasten nameplates to the device with a minimum of two 
sheet-metal screws or two rivets.

3.5   FIELD QUALITY CONTROL

Provide the Contracting Officer 10 working days notice prior to each test.  
Provide labor, equipment, and incidentals required for testing.  Correct 
defective material and workmanship disclosed as the results of the tests.  
Furnish a signed copy of the test results to the Contracting Officer within 
3 working days after the tests for each segment of construction are 
completed.  Perform testing as construction progresses and do not wait 
until all construction is complete before starting field tests.

3.5.1   Pre-Installation Tests

Perform the following tests on cable at the job site before it is removed 
from the cable reel.  For cables with factory installed pulling eyes, these 
tests shall be performed at the factory and certified test results shall 
accompany the cable.

3.5.1.1   Cable Capacitance

Perform capacitance tests on at least 10 percent of the pairs within a 
cable to determine if cable capacitance is within the limits specified.

3.5.1.2   Loop Resistance

Perform DC-loop resistance on at least 10 percent of the pairs within a 
cable to determine if DC-loop resistance is within the manufacturer's 
calculated resistance.

3.5.1.3   Pre-Installation Test Results

Provide results of pre-installation tests to the Contracting Officer at 
least 5 working days before installation is to start.  Results shall 
indicate reel number of the cable, manufacturer, size of cable, pairs 
tested, and recorded readings.  When pre-installation tests indicate that 
cable does not meet specifications, remove cable from the job site.

3.5.2   Acceptance Tests

Perform acceptance testing in accordance with RUS Bul 1753F-201 and as 
further specified in this section.  Provide personnel, equipment, 
instrumentation, and supplies necessary to perform required testing.  
Notification of any planned testing shall be given to the Contracting 
Officer at least 14 days prior to any test unless specified otherwise.  
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Testing shall not proceed until after the Contractor has received written 
Contracting Officer's approval of the test plans as specified.  Test plans 
shall define the tests required to ensure that the system meets technical, 
operational, and performance specifications.  The test plans shall define 
milestones for the tests, equipment, personnel, facilities, and supplies 
required.  The test plans shall identify the capabilities and functions to 
be tested.  Provide test reports in booklet form showing all field tests 
performed, upon completion and testing of the installed system.  
Measurements shall be tabulated on a pair by pair or strand by strand basis.

3.5.2.1   Copper Conductor Cable

Perform the following acceptance tests in accordance with EIA TIA/EIA-758:

a.  Wire map (pin to pin continuity)

b.  Continuity to remote end

c.  Crossed pairs

d.  Reversed pairs

e.  Split pairs

f.  Shorts between two or more conductors
 
3.5.2.2   Fiber Optic Cable

Test fiber optic cable in accordance with EIA TIA/EIA-455-B and as further 
specified in this section.  Two optical tests shall be performed on all 
optical fibers: Optical Time Domain Reflectometry (OTDR) Test, and 
Attenuation Test.  In addition, a Bandwidth Test shall be performed on all 
multimode optical fibers.  These tests shall be performed on the completed 
end-to-end spans which include the near-end pre-connectorized single fiber 
cable assembly, outside plant as specified, and the far-end 
pre-connectorized single fiber cable assembly.

a.  OTDR Test:  The OTDR test shall be used to determine the adequacy 
of the cable installations by showing any irregularities, such as 
discontinuities, micro-bendings or improper splices for the cable 
span under test.  Hard copy fiber signature records shall be 
obtained from the OTDR for each fiber in each span and shall be 
included in the test results.  The OTDR test shall be measured in 
both directions.  A reference length of fiber, 20 feet minimum, 
used as the delay line shall be placed before the new end 
connector and after the far end patch panel connectors for 
inspection of connector signature.  Conduct OTDR test and provide 
calculation or interpretation of results in accordance with EIA 
TIA/EIA-526-7 for single-mode fiber and EIA TIA/EIA-526-14A for 
multimode fiber.  Splice losses shall not exceed 0.3 db.

b.  Attenuation Test: End-to-end attenuation measurements shall be 
made on all fibers, in both directions, using a 850 nanometer 
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light source at one end and the optical power meter on the other 
end to verify that the cable system attenuation requirements are 
met in accordance with EIA TIA/EIA-455-46A for multimode and EIA 
TIA/EIA-526-7 for single-mode fiber optic cables.  The measurement 
method shall be in accordance with EIA TIA/EIA-455-61A.  
Attenuation losses shall not exceed 0.5 db/km at 1310 nm and 1550 
nm for single-mode fiber.  Attenuation losses shall not exceed 5.0 
db/km at 850 nm and 1.5 db/km at 1300 nm for multimode fiber.

c.  Bandwidth Test: The end-to-end bandwidth of all multimode fiber 
span links shall be measured by the frequency domain method.  The 
bandwidth shall be measured in both directions on all fibers.  The 
bandwidth measurements shall be in accordance with EIA 
TIA/EIA-455-204.

3.5.3   Soil Density Tests

a.  Determine soil-density relationships as specified for soil tests 
in Section 02300, EARTHWORK.

       -- End of Section --
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SECTION 16770

PUBLIC ADDRESS SYSTEMS
11/03

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C62.41 (1991; R 1995) Recommended Practice for 
Surge Voltages in Low-Voltage AC Power 
Circuits

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2005) National Electrical Code

UNDERWRITERS LABORATORIES (UL)

UL 1449 (1996; Rev thru Jul 2002) Transient 
Voltage Surge Suppressors

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Detail Drawings; G-AO

  Detail drawings as specified.

SD-03 Product Data

Spare Parts

  Spare parts data for each different item of material and 
equipment specified.

SD-06 Test Reports
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Approved Test Procedures; G-AO

  Test plan and test procedures for the acceptance tests.  The 
test plan and test procedures shall explain in detail, 
step-by-step actions and expected results to demonstrate 
compliance with the requirements specified.  The procedure shall 
also explain methods for simulating the necessary conditions of 
operation to demonstrate system performance.

Acceptance Tests

  Test reports in booklet form showing all field tests performed 
to adjust each component and to prove compliance with the 
specified performance criteria, upon completion and testing of the 
installed system.  The reports shall include the manufacturer, 
model number, and serial number of test equipment used in each 
test.  Each report shall indicate the final position of controls 
and operating mode of the system.

SD-07 Certificates

Components

  Copies of current approvals or listings issued by UL, or other 
nationally recognized testing laboratory for all components.

SD-10 Operation and Maintenance Data

Radio and Public Address System

  Submit Data Package 3 in accordance with Section 01781 OPERATION 
AND MAINTENANCE DATA 

1.3   SYSTEM DESCRIPTION

The public address system shall consist of an audio distribution network to 
include amplifiers, speakers, cabling, and ancillary components required to 
meet the required system configuration and operation.

1.3.1   Single-Channel System

The system shall control and amplify an audio program for distribution 
within the areas indicated.  Components of the system shall include a power 
amplifier, telephone system interface input, speaker system,  cabling and 
other associated hardware.

1.3.2   System Performance

The system shall provide even sound distribution throughout the designated 
area, plus or minus 3 dB for the 1/1 octave band centered at 4000 Hz.  The 
system shall provide uniform frequency response throughout the designated 
area, plus or minus 3 dB as measured with 1/3-octave bands of pink noise at 
locations across the designated area selected by the Contracting Officer.  
The system shall be capable of delivering 75 dB average program level with 
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additional 10 dB peaking margin sound pressure level (SPL) in the area at 
an acoustic distortion level below 5 percent total harmonic distortion 
(THD).  Unless otherwise specified the sound pressure reference level is 20 
micro Pascal (0.00002 Newtons per square meter).

1.3.3   Detail Drawings

The Contractor shall submit detail drawings consisting of a complete list 
of equipment and material, including manufacturer's descriptive and 
technical literature, performance charts and curves, catalog cuts, and 
installation instructions.  Note that the contract drawings show layouts 
based on typical speakers.  The Contractor shall check the layout based on 
the actual speakers to be installed and make necessary revisions in the 
detail drawings.  Detail drawings shall also contain complete point to 
point wiring, schematic diagrams and other details required to demonstrate 
that the system has been coordinated and will properly function as a unit.  
Drawings shall show proposed layout of equipment and appurtenances, and 
equipment relationship to other parts of the work including clearances for 
maintenance and operation.

1.3.4   Spare Parts

The Contractor shall submit spare parts data for each different item of 
material and equipment specified, after approval of the detail drawings and 
not later than 2 months prior to the date of beneficial occupancy.  The 
data shall include a complete list of parts and supplies, with current unit 
prices and source of supply.

1.4   DELIVERY AND STORAGE

Equipment placed in storage until installation shall be stored with 
protection from the weather, humidity and temperature variations, dirt and 
dust, and other contaminants.

1.5   VERIFICATION OF DIMENSIONS

The Contractor shall become familiar with the details of the work and 
working conditions, shall verify dimensions in the field, and shall advise 
the Contracting Officer of any discrepancies before performing the work.

 
PART 2   PRODUCTS

2.1   STANDARD PRODUCTS

Material and equipment to be provided shall be the standard products of a 
manufacturer regularly engaged in the manufacture of such products, and 
shall essentially duplicate material and equipment that have been in 
satisfactory use at least 2 years.  All components used in the system shall 
be commercial designs that comply with the requirements specified.  
Equipment shall be supported by a service organization that is within 100 
miles of the site.

2.1.1   Identical Items
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Items of the same classification shall be identical.  This requirement 
includes equipment, modules, assemblies, parts, and components.

2.1.2   Nameplates

Each major component of equipment shall have the manufacturer's name, 
address, model and catalog number, and serial number on a plate secured to 
the equipment.

2.2   POWER AMPLIFIERS

Power amplifiers as a minimum conform to the following specifications:

      Rated power output:     60 watts RMS

      Frequency Response:     Plus or Minus 3 dB, 20-20,000 Hz

      Distortion:             Less than 2 percent at RPO, 600-13,000 Hz

      Input Impedance:        50 k ohm unbalanced, or as required for
                              telephone interface module

      Output Impedance:       Balanced 4 and 8 ohms

      Output voltage:         25 and 70.7 volts

      Power Requirement:      110-125 Vac 60 Hz 

2.3   LOUDSPEAKERS

2.3.1   Cone Speaker

The cone speaker shall as a minimum conform to the following specifications:

      Application:            Wall baffle or Ceiling 

      Frequency range:        60 to 12,000 Hz

      Power Rating:           Normal - 7 watts
                              Peak   - 10 watts

      Voice Coil Impedance:   8 ohms

      Line Matching
      Transformer Type:       25/ 70.7 volt line

      Capacity:               4 watts

      Magnet:                 10 ounces or greater

      Primary Taps:           0.5, 1,  2 and 4 watts
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      Primary Impedance:      25 volts - 1250, 625, and 312 ohms
                               70.7 volts - 10k, 5k, and 2.5k ohms

      Frequency Response:     30 - 20,000 Hz

      Insertion Loss:         Less than 1 dB

      Volume Control:         Provisions for volume control at speaker

2.3.2   Wall Baffle Speaker Enclosures

The wall baffle speaker shall be of particle board construction covered 
with laminate matching adjacent wall surface and complete with white cloth 
grille.  Baffle shall feature 9.5 degree slope to provide directional sound 
dispersion offset in the direction of radiation.  Wall baffle enclosure 
shall come equipped with a wall mounting bracket designed to assure a rigid 
mounting to any flat surfaces.

2.3.3   Ceiling Speaker Enclosures

Ceiling speaker enclosure shall be constructed of heavy gauge cold steel 
with interior undercoating and 1 1/2 inch thick high density fiberglass 
1-1/2 lbs per cu. ft.  The unit shall be round and designed for recessed 
installations which will be accomplished via flange mount mounting.  
Recessed models shall have a rust-preventive, textured black coating and 
the surface mount unit finished in textured white.  Enclosure shall include 
four triple compound conduit knockouts.

2.4   CABLES

2.4.1   Speaker Cable

Cables shall be of the gauge required depending upon the cable run length.  
In no case shall cable be used which is smaller than 18 AWG.  Insulation on 
the conductors shall be polyvinyl chloride (PVC) or an equivalent synthetic 
thermoplastic not less than 0.009 inch.  Cables shall be jacketed with a PVC
 compound.  The jacket thickness shall be 0.02 inch minimum.

2.5   TERMINALS

Terminals shall be solderless, tool-crimped pressure type.

2.6   SURGE PROTECTION

2.6.1   Power Line Surge Protection

Major components of the system such as power amplifiers,  shall have a 
device, whether internal or external, which provides protection against 
voltage spikes and current surges originating from commercial power sources 
per IEEE C62.41 B3 combination waveform and NFPA 70.  Fuses shall not be 
used for surge protection.  The surge protector shall be rated for a 
maximum let thru voltage of 350 Volts ac (line-to-neutral) and 350 Volt ac 
(neutral-to-ground).  Surge protection device shall be UL listed and 
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labeled as having been tested in accordance with UL 1449.

2.6.2   SIGNAL SURGE PROTECTION

Major components of the system shall have internal protection circuits 
which protects the component from mismatched loads, direct current, and 
shorted output lines.  Communication cables/conductors shall have surge 
protection installed at each point where it exits or enters a building.

2.7   TELEPHONE INTERFACE MODULE

Telephone Interface module shall provide one way all call paging access 
from telephone to PA system.  Paging shall be accomplished by the building 
telephone system instruments interconnected to the PA system via an 
interface module to allow telephone dial up access to the paging amplifier. 
 Interface module shall produce an alert tone in the associated speakers on 
activation.  Telephone interface module shall as a minimum conform to the 
following specifications:

Impedance:                  600 ohms
Frequency response:         100Hz to 10Khz
70V Input Impedance:        200K ohms
Output level:               400mV rms
Input Power Requirement:    12-24Vdc (from power supply)
Access requirement:         Electronic (analog) or IA2 line key (line card 
                              required) PABX loop or ground-start trunk 
                              port, or dedicated single-line phone.

PART 3   EXECUTION

3.1   INSTALLATION

Equipment shall be installed as indicated and specified, and in accordance 
with the manufacturer's recommendations except where otherwise indicated.  
Equipment mounted out-of-doors or subject to inclement conditions shall be 
weatherproofed.  

3.1.1   Wiring

Wiring shall be installed in rigid steel conduit, intermediate metal 
conduit, cable trays, or electric metallic tubing as specified in Section 
16402 INTERIOR DISTRIBUTION SYSTEM.  Wiring for microphone, grounding, line 
level,  speaker and power cables shall be isolated from each other by 
physical isolation and metallic shielding.  Shielding shall be terminated 
at only one end.

3.2   GROUNDING

All grounding practices shall comply with NFPA 70.  quipment shall be 
grounded to the serving panelboard ground bus through a green grounding 
conductor.  Metallic conduits serving the equipment shall be isolated on 
the equipment end with an insulating bushing to prevent noise from being 
transferred to the circuit.  
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3.3   ACCEPTANCE TESTS

After installation has been completed, the Contractor shall conduct 
acceptance tests, utilizing the approved test procedures, to demonstrate 
that equipment operates in accordance with specification requirements.  The 
Contractor shall notify the Contracting Officer 14 days prior to the 
performance of tests.  In no case shall notice be given until after the 
Contractor has received written Contracting Officer approval of the test 
plans as specified.  The acceptance tests shall include originating and 
receiving messages at specified stations, at proper volume levels, without 
cross talk or noise from other links or nondesignated units.

3.4   TRAINING

The Contractor shall conduct a training course for members of the operating 
and maintenance staff as designated by the Contracting Officer.  The 
training course will be given at the installation during normal working 
hours for a total of 2 hours and shall start after the system is 
functionally complete but prior to final acceptance tests.  The field 
instructions shall cover all of the items contained in the approved 
operating and maintenance manuals, as well as demonstrations of routine 
maintenance operations.  The Contracting Officer shall be notified at least 
14 days prior to the start of the training course.

       -- End of Section --
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SECTION 16771

MASS NOTIFICATION SYSTEM
11/03

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by the 
basic designation only.

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C62.41 (1991; R 1995) Recommended Practice for 
Surge Voltages in Low-Voltage AC Power 
Circuits

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2005) National Electrical Code

UNDERWRITERS LABORATORIES (UL)

UL 1449 (1996; Rev thru Jul 2002) Transient 
Voltage Surge Suppressors

1.2   SUBMITTALS

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office 
that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Detail Drawings; Gtelephone interface module
 Detail drawings as specified.

SD-03 Product Data

Spare Parts

  Spare parts data for each different item of material and 
equipment specified.

SD-06 Test Reports

Approved Test Procedures; Gtelephone interface module
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 Test plan and test procedures for the acceptance tests.  The test 
plan and test procedures shall explain in detail, step-by-step 
actions and expected results to demonstrate compliance with the 
requirements specified.  The procedure shall also explain methods 
for simulating the necessary conditions of operation to 
demonstrate system performance.  Test procedure shall be 
configured for proving compliance with UFC 4-021-01 DESIGN AND O & 
M: MASS NOTIFICATION SYSTEMS.

Acceptance Tests

  Test reports in booklet form showing all field tests performed 
to adjust each component and to prove compliance with the 
specified performance criteria, upon completion and testing of the 
installed system.  The reports shall include the manufacturer, 
model number, and serial number of test equipment used in each 
test.  Each report shall indicate the final position of controls 
and operating mode of the system.

SD-07 Certificates

Components

  Copies of current approvals or listings issued by UL, or other 
nationally recognized testing laboratory for all components.

SD-10 Operation and Maintenance Data

Mass Notification System

  Submit Data Package 3 in accordance with Section 01781 OPERATION 
AND MAINTENANCE DATA 

1.3   SYSTEM DESCRIPTION

The mass notification system shall consist of an audio distribution network 
to include amplifiers, mixers, microphones, speakers, strobe lights, 
cabling, and ancillary components required to meet the required system 
configuration and operation.

1.3.1   Single-Channel System

The system shall control and amplify an audio program for distribution 
within all areas indicated.  Components of the system shall include a 
mixer-amplifier, microphone, speaker system, strobe light system, 
components for automatic delivery of at least four (4) pre-recorded 
messages, cabling and other associated hardware.

1.3.2   System Performance

The system shall provide even sound distribution throughout the designated 
area, plus or minus 3 dB for the 1/1 octave band centered at 4000 Hz.  The 
system shall provide uniform frequency response throughout the designated 
area, plus or minus 3 dB as measured with 1/3-octave bands of pink noise at 
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locations across the designated area selected by the Contracting Officer.  
The system shall be capable of delivering 75 dB average program level with 
additional 10 dB peaking margin sound pressure level (SPL) in the area at 
an acoustic distortion level below 5 percent total harmonic distortion 
(THD).  Unless otherwise specified the sound pressure reference level is 20 
micro Pascal (0.00002 Newtons per square meter).  Strobe lights shall 
conform to the visibility and synchonization requirements listed in NFPA 
72.  System shall meet requirements of UFC4-021-01 DESIGN AND O & M: MASS 
NOTIFICATION SYSTEMS.

1.3.3   Fire Alarm System Interface

The mass notification system shall provide the capability to temporarily 
deactivate the building fire alarm system's audible notification appliances 
to allow the mass notification system to provide intelligible voice 
commands inside the building without unreasonably exposing building 
occupants to the risk of fire in accordance with UFC 4-021-01 DESIGN AND 
O&M: MASS NOTIFICATION SYSTEMS.  Note that the UFC recognizes that this 
requirement deviates from the requirements of NFPA 72, and authorizes the 
deviation from NFPA 72 requirements for alarm signal deactivation to permit 
an individual building mass notification system to deactivate the audible 
notification appliances of that building's fire alarm system for the 
minimum time period necessary to transmit a voice message.  The NFPA 72 "5 
minute" requirement before permitting the deactivation of an alarm does not 
apply to this temporary deactivation by the mass notification system.

The deactivation function must be designed to function only when both the 
fire alarm panel is in an alarm condition and a voice message is to be 
transmitted by the mass notification system.  Only the fire alarm system 
audible notification appliances shall be deactivated.  All other features 
of the fire alarm system, including the operation of visual notification 
devices and the transmission of signals to the fire department, shall 
remain unaffected.

Deactivation of the fire alarm audible notification appliances must cause a 
supervisory signal in the fire alarm system, and this supervisory signal 
must be separate from other fire alarm system supervisory signals, be 
annunciated at the building's fire alarm control panel and any remote fire 
alarm annunciators, and be transmitted to the fire department.  The visual 
annunciation of the separate supervisory signal shall be distinctly labeled 
or otherwise clearly identified.  

A readily accessible means shall be provided for use by emergency response 
forces to manually override the deactivation function and permit the fire 
alarm audible notification appliances to operate independently of the mass 
notification system. Use of the manual override feature must cause a 
supervisory signal in the fire alarm system.

1.3.4   System Supervision

Monitor electrical supervision of all speaker and strobe circuits.

Monitor electrical supervision of the primary power (ac) supply and battery 
voltage.
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A trouble buzzer and trouble LED/LCD (light emitting diode/liquid crystal 
diode) to activate upon a single break, open, or ground fault condition 
which prevents the required normal operation of the system.  The trouble 
signal shall also operate upon loss of primary power (ac) supply or low 
battery voltage.  A trouble alarm silence switch shall be provided which 
will silence the trouble buzzer, but will not extinguish the trouble 
indicator LED/LCD.  Subsequent trouble and supervisory alarms shall sound 
the trouble signal until silenced.  After the system returns to normal 
operating conditions, the trouble buzzer shall again sound until the 
silencing switch returns to normal position.

1.3.5   Detail Drawings

The Contractor shall submit detail drawings consisting of a complete list 
of equipment and material, including manufacturer's descriptive and 
technical literature, performance charts and curves, catalog cuts, and 
installation instructions.  Note that the contract drawings show layouts 
based on typical speakers.  The Contractor shall check the layout based on 
the actual speakers to be installed and make necessary revisions in the 
detail drawings.  Detail drawings shall also contain complete point to 
point wiring, schematic diagrams and other details required to demonstrate 
that the system has been coordinated and will properly function as a unit.  
Drawings shall show proposed layout of equipment and appurtenances, and 
equipment relationship to other parts of the work including clearances for 
maintenance and operation.

1.3.6   Spare Parts

The Contractor shall submit spare parts data for each different item of 
material and equipment specified, after approval of the detail drawings and 
not later than 2 months prior to the date of beneficial occupancy.  The 
data shall include a complete list of parts and supplies, with current unit 
prices and source of supply.

1.4   DELIVERY AND STORAGE

Equipment placed in storage until installation shall be stored with 
protection from the weather, humidity and temperature variations, dirt and 
dust, and other contaminants.

1.5   VERIFICATION OF DIMENSIONS

The Contractor shall become familiar with the details of the work and 
working conditions, shall verify dimensions in the field, and shall advise 
the Contracting Officer of any discrepancies before performing the work.

 
PART 2   PRODUCTS

2.1   STANDARD PRODUCTS

Material and equipment to be provided shall be the standard products of a 
manufacturer regularly engaged in the manufacture of such products, and 
shall essentially duplicate material and equipment similar to that used for 
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mass notification that have been in satisfactory use at least 5 years.  All 
components used in the system shall be commercial designs that comply with 
the requirements specified.  Equipment shall be supported by a service 
organization that is within 100 miles of the site.

2.1.1   Identical Items

Items of the same classification shall be identical.  This requirement 
includes equipment, modules, assemblies, parts, and components.

2.1.2   Nameplates

Each major component of equipment shall have the manufacturer's name, 
address, model and catalog number, and serial number on a plate secured to 
the equipment.

2.2   Mass Notification Autonomous Control Unit

The Autonomous Control Unit shall be compliant with the Unified Facilities 
Criteria (UFC) for Mass Notification Systems Independent Building System 
Autonomous Control Unit as outlined in UFC 4-021-01.  Control unit shall be 
able to store four (4) minutes of prerecorded message, divided into at 
least four (4) selectable messages of varying length.  Control unit shall 
be capable of field integration with a future base-wide Mass Notification 
System, including provision of status information identified to the major 
system element level, remote activation of any pre-stored message, and 
delivery of live audio from the base-wide system.  Provide control unit 
with a single visual summary of the unit and connected equipment status.  
Control unit shall be capable of operating in standby mode on backup power 
for at least 12 hours.  Provide a strobe activation signal for initiating 
synchronized strobes.  Control unit shall maintain at least 100 entries in 
the local log of system and diagnostic events.  Control unit shall deliver 
up to 100W of signal and audio power to a single speaker loop or 25W to 
each of four independent (Class B) speaker loops.  Control unit speaker 
output shall be field-configurable for 25 or 70 Vrms operation, and shall 
be expandable by the addition of up to five (5) remote microphones.

2.3   MICROPHONE

2.3.1   Automonous Control Unit Microphone

Microphone shall be handheld and attached to the control unit via a 
permanently coiled cord.  Microphone shall have a push-to-speak switch.

2.4   LOUDSPEAKERS

2.4.1   Cone Speaker

The cone speaker shall as a minimum conform to the following specifications:

      Application:            Wall baffle or Ceiling   
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      Frequency range:        60 to 12,000 Hz

      Power Rating:           Normal - 7 watts
                              Peak   - 10 watts

      Voice Coil Impedance:   8 ohms

      Line Matching
      Transformer Type:       25/ 70.7 volt line

      Capacity:               4 watts

      Magnet:                 10 ounces or greater

      Primary Taps:           0.5, 1,  2 and 4 watts

      Primary Impedance:      25 volts - 1250, 625, and 312 ohms
                               70.7 volts - 10k, 5k, and 2.5k ohms

      Frequency Response:     30 - 20,000 Hz

      Insertion Loss:         Less than 1 dB

      Volume Control:         Provide provision for volume control in Cab only

2.4.2   Wall Baffle Speaker Enclosures

The wall baffle speaker shall be of particle board construction covered 
with laminate colored to match adjacent surface and complete with white 
cloth grille.  Baffle shall feature 9.5 degree slope to provide directional 
sound dispersion offset in the direction of radiation.  Wall baffle 
enclosure shall come equipped with a wall mounting bracket designed to 
assure a rigid mounting to any flat surfaces.

2.4.3   Ceiling Speaker Enclosures

Ceiling speaker enclosure shall be constructed of heavy gauge cold steel 
with interior undercoating and 1 1/2 inch thick high density fiberglass 
1-1/2 lbs per cu. ft.  The unit shall be round and designed for recessed 
installations which will be accomplished via flange mount mounting.  
Recessed models shall have a rust-preventive, textured black coating.  
Enclosure shall include four triple compound conduit knockouts.

2.5   VISUAL NOTIFICATION APPLIANCES (STROBE LIGHT)

Visual notification appliances (strobe lights) shall conform to the 
applicable requirements of UL 1971 and the contract drawings.  Appliances 
shall have clear high intensity optic lens without any wording, xenon flash 
tubes, and output white light.  Strobe flash rate shall be between 1 to 3 
flashes per second and a minimum of 75 candela.  Strobe shall be surface 
mounted.

2.6   STORED MESSAGE SYSTEM
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Up to four (4) user-generated pre-recorded messages shall be accommodated 
by the system, with up to four (4) minutes of total recording time.  
Provide for automatic message delivery.

2.7   PRIORITY RELAYS AND CONTROLS

Priority relays and controls required to accomplish operations specified 
shall be provided.  Relays shall be completely enclosed with a plastic dust 
cover for maximum protection against foreign matter, and shall be plug-in 
type.  Relays shall be provided with a diode wired across the relay coil 
for transient suppression and shall be installed utilizing 
factory-prewired, rack-mounted receptacle strips.  Coil shall be maximum 24 
volts dc.

2.8   EQUIPMENT CABINET

Equipment shall be mounted in a modular steel cabinet, flush wall mounted, 
with hinged door, located as shown on drawings.  Cabinet shall be factory 
finished with a uniform baked enamel over rust inhibiting primer.

2.9   CABLES

2.9.1   Speaker Cable

Cables shall be of the gauge required depending upon the cable run length.  
In no case shall cable be used which is smaller than 18 AWG.  Insulation on 
the conductors shall be polyvinyl chloride (PVC) or an equivalent synthetic 
thermoplastic not less than 0.009 inch.  Cables shall be jacketed with a PVC
 compound.  The jacket thickness shall be 0.02 inch minimum.

2.10   TERMINALS

Terminals shall be solderless, tool-crimped pressure type.

2.11   SURGE PROTECTION

2.11.1   Power Line Surge Protection

Major components of the system shall have a device, whether internal or 
external, which provides protection against voltage spikes and current 
surges originating from commercial power sources per IEEE C62.41 B3 
combination waveform and NFPA 70.  Fuses shall not be used for surge 
protection.  The surge protector shall be rated for a maximum let thru 
voltage of 350 Volts ac (line-to-neutral) and 350 Volt ac 
(neutral-to-ground).  Surge protection device shall be UL listed and 
labeled as having been tested in accordance with UL 1449.

2.11.2   SIGNAL SURGE PROTECTION

Major components of the system shall have internal protection circuits 
which protects the component from mismatched loads, direct current, and 
shorted output lines.  Communication cables/conductors shall have surge 
protection installed at each point where it exits or enters a building.
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PART 3   EXECUTION

3.1   INSTALLATION

Equipment shall be installed as indicated and specified, and in accordance 
with the manufacturer's recommendations except where otherwise indicated.  
Equipment mounted out-of-doors or subject to inclement conditions shall be 
weatherproofed.  

3.1.1   Equipment Cabinet

Cabinets shall be mounted side-by-side and bolted together.  Items of the 
same function shall be grouped together, either vertically or side-by-side. 
 Controls shall be symmetrically arranged.  Audio input and 
interconnections shall be made with approved shielded cable and plug 
connectors; output connections may be screw terminal type.  All connections 
to power supplies shall utilize standard male plug and female receptacle 
connectors with the female receptacle being the source side of the 
connection.  Inputs, outputs, interconnections, test points, and relays 
shall be accessible for maintenance and testing.  Each item shall be 
removable from the cabinet without disturbing other items or connections.  

3.1.2   Wiring

Wiring shall be installed in rigid steel conduit, intermediate metal 
conduit, cable trays, or electric metallic tubing as specified in Section 
16402 INTERIOR DISTRIBUTION SYSTEM.  Wiring for microphone, grounding, line 
level,  speaker and power cables shall be isolated from each other by 
physical isolation and metallic shielding.  Shielding shall be terminated 
at only one end.

3.2   GROUNDING

All grounding practices shall comply with NFPA 70.  Equipment shall be 
grounded to the serving panelboard ground bus through a green grounding 
conductor.  Metallic conduits serving the equipment shall be isolated on 
the equipment end with an insulating bushing to prevent noise from being 
transferred to the circuit.  

3.3   ACCEPTANCE TESTS

After installation has been completed, the Contractor shall conduct 
acceptance tests, utilizing the approved test procedures, to demonstrate 
that equipment operates in accordance with specification requirements.  The 
Contractor shall notify the Contracting Officer 14 days prior to the 
performance of tests.  In no case shall notice be given until after the 
Contractor has received written Contracting Officer approval of the test 
plans as specified.  The acceptance tests shall include originating and 
receiving messages at specified stations, at proper volume levels, without 
cross talk or noise from other links or nondesignated units.

3.4   TRAINING
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The Contractor shall conduct a training course for members of the operating 
and maintenance staff as designated by the Contracting Officer.  The 
training course will be given at the installation during normal working 
hours for a total of 8 hours and shall start after the system is 
functionally complete but prior to final acceptance tests.  The field 
instructions shall cover all of the items contained in the approved 
operating and maintenance manuals, as well as demonstrations of routine 
maintenance operations.  The Contracting Officer shall be notified at least 
14 days prior to the start of the training course.

       -- End of Section --
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